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N A series of twenty-one cases of beriberi heart disease studied in the city of 
Rio de Janeiro which were presented at the Seventh Annual Meeting of the 
Brazilian Society of Cardiology' and at the First International Congress of 
Cardiology,? we were impressed by the close similarity which was occasionally 
observed between some of these cases and other more common types of cardio- 
vascular disease, such as arterial hypertension and coronary sclerosis, because of 
the presence of left heart failure and certain changes in the electrocardiogram. 
Differential diagnosis in such cases may be difficult, since the clinical picture 
and the electrocardiographic changes are often similar. It is evident that the 
presence of a hyperkinetic syndrome in a patient with congestive heart failure, in 
whom hyperthyroidism and anemia are excluded, is suggestive of beriberi heart 
disease.’ However, since the clinical signs of a rapid circulation are not always 
present, in a great number of such cases a correct diagnosis is based upon four 
fundamental items: (1) a history of chronic alcoholism; (2) other evidences of 
vitamin deficiency, such as peripheral polyneuritis; (3) absence of other etiological 
factors of heart disease; and (4) the favorable effects of rest and thiamine medi- 
cation. 

Notwithstanding the occasional absence of some of these diagnostic features 
in atypical cases, the total clinical picture is often sufficiently suggestive, even in 
the presence of other etiological factors. 

It is our object in this report to present the clinical, electrocardiographic, 
and pathological features of two cases, emphasizing the diagnostic difficulties 
which occasionally occur in some instances of cardiac beriberi, as well as the 
possibility of erroneously diagnosing such patients as having arteriosclerotic heart 
disease. 

From the Department of Cardiology of the Fifth Medical Clinic, National Faculty of Medicine 
Service of Professor Luiz Capriglione), and the Hospital dos Servidores do Estado, Rio de Janeiro, 
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CASE REPORTS 


Case 1 DD. \V., a 33-vear-old Negro electrician, gave a history of chronic alcoholism (one 
pint daily) of several years’ duration. His diet was adequate, and he denied having had any ill- 
ness in the past, such as venereal disease, rheumatic fever, and so forth. Eight months prior to 
admission, he began to complain of vague precordial pain which lasted approximately one month 
and interfered with the normal activities during that period. Shortness of breath on effort was 
noticed four months later, followed by paroxysmal nocturnal dyspnea which became progressively 
worse, leading to orthopnea. Three weeks before the first consultation at the Cardiac Clinic, he 
noticed facial edema which rapidly extended to the chest and lower limbs, disappearing almost 
completely after unknown self-medication at home. One week later, he was seized by an attack 
of acute pulmonary edema and treated at the emergency ward from where he was transferred to 
the Moncorvo Filho Hospital on Feb. 10, 1959. 


Fig. 1 Case 1 (D. V.). Electrocardiogram showing left bundle branch block with right axis 
deviation There were occasional ventricular premature beats 


The patient was in a fairly good general condition, with marked edema of the legs; he com- 
plained of intense dyspnea even at rest. Physical examination revealed a pulse rate of 90 per 
minute with occasional premature beats. Arterial blood pressure was 120/100 mm. Hg. The 
heart sounds were distant, with an accentuation of the second sound at the pulmonary area, a 
gallop rhythm, and a Grade 1 soft systolic apical murmur. The neck veins were prominent, the 
venous pressure being 34 cm. of water; circulation times were: arm to tongue (Decholin), 50 
seconds; arm to lung (ether), 26 seconds. There were moist rales at the right lung base and signs 
of bilateral pleural effusion. The liver was painful and palpable 5 fingerbreadths below the right 
costal margin. There was a bilateral decrease of the patellar reflexes. 
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Laborat ry Studies.—Blood urea was 70 mg. per cent, creatinine, 1.65 mg. per cent, glucose, 
100 mg. per cent. Urinalysis was normal; a serologic test for syphilis (Kline) was negative. A 
Machado-Guerreiro complement fixation test for Chagas’ disease was also negative. The elec- 
trocardiogram (Fig. 1) revealed sinus tachycardia, occasional ventricular premature beats, and 
left bundle branch block. Chest fluoroscopy showed a marked increase in heart size and a bi- 
lateral pleural effusion. 


Fig. 2.—Case 1 (D. V.). A, Marked interstitial edema with dissociation of the myocardial fibers (left 
ventricle). B, Diffuse fibrosis with partial replacement of the myocardial fibers (right ventricle). 
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Clinical Course.—The patient was maintained at rest on a salt-free diet, with mercurial and 
xanthine diuretics in addition to cardiotonic medication consisting of a daily injection of 0.5 mg. of 
intravenous strophanthin. 

Notwithstanding the marked subjective improvement and a 3 kilogram decrease in body 
weight, there was no appreciable objective change in the circulatory condition, and the tachy- 
cardia, gallop rhythm, and pleural effusion persisted during the six days of hospitalization. The 


Fig. 3..-Case 1(D. V.). A, Section of a papillary muscle showing extensive fibrosis. 3, Section 
of one of the coronary arteries showing normal structure of the vessel walls 


SCHLESINGER AND BENCHIMOL: CARDIAC BERIBERI 805 


blood pressure varied between 115/90 and 120/105 mm. Hg. On the seventh hospital day, the 
patient was apparently well when he was suddenly seized by a series of clonic and tonic convul- 
sions accompanied by white, frothy expectoration; death occurred a few minutes later. 
Autopsy.—Autopsy* showed an enlarged heart weighing 590 grams. The right auricular 
chamber contained freely detachable thrombi. The heart valves were smooth and flexible, and 
the Coronary arteries were patent, with no evidence of arteriosclerosis; it was also absent in the 
aorta. The myocardium was of a reddish-brown hue and measured 19 mm. at the free wall of the 
left ventricle. Microscopic examination revealed marked dissociation of the myocardial fibers 
by interstitial edema (Fig. 2, 4); there were several areas of interstitial tissue proliferation which 
was more marked around the blood vessels and especially in the subendocardial area (Fig. 2, B). 
There was a marked degree of fibrosis in the papillary muscles (Fig. 3, A). The walls of the 
coronary arteries showed no evidence of thickening or other abnormality (Fig. 3, B). The liver 


showed moderate fibrosis, indicating an initial stage of cirrhosis. 


Fig. 4 Electrocardiogram of Case 2 (J. G.) with P-wave changes and signs of left ventricular 
hypertrophy and myocardial damage. 


Case 2.—J. G., a 52-year-old white laborer admitted to drinking more than one pint of alcohol 
daily for several years up to three months prior to admission. There was no history of dietary 
deficiency. He recalled having had a penile sore at the age of 15 years and symptoms of chronic 
bronchitis since infancy. The present illness had begun six months previously when he had a 
sudden attack of intense dyspnea which lasted one-half hour. The same night, he was seized by a 
similar attack of longer duration followed by palpitation; he obtained relief the next morning. 
Treatment by his private physician consisted of digitalis and diuretics in spite of which his con- 
dition became progressively worse with the appearance of orthopnea and more frequent attacks of 
paroxysmal dyspnea. Two months later, the patient first began to notice ankle edema which 
later extended to both legs and thighs. He also complained of cramps in both hands and oliguria, 
but denied ever having had precordial or epigastric pain. 

After a brief period of subjective improvement which lasted two months, the symptoms re- 
appeared, and he was hospitalized on Aug. 16, 1949. Physical examination showed a slightly 
cyanotic and orthopneic individual with generalized edema, weighing 62 kilograms. Erythematous 
lesions were present on both legs, the arms, and the face, in addition to small, irregular, nasal ul- 
cerations. The walls of the radial arteries were smooth, and the pulse rate was 120 per minute. 
The arterial blood pressure was 99/70 mm. Hg. ‘There was a slight bulging of the precordium. 
The apical thrust was in the sixth left intercostal space one inch outside the mid-clavicular line. 
Che heart sounds were distant, and a gallop rhythm was audible in addition to a Grade 1 systolic 
apical murmur. There were definite pulsations of the neck vessels and of the epigastrium. The 
jugular veins were engorged bilaterally and accentuated by hepatic compression. Venous pres- 
sure was 16.5 cm. of water. Circulation times were: arm to tongue (calcium gluconate), 40 
seconds; arm to lung (ether), 15 seconds. Vital capacity was 1,000 ¢.c. Chest fluoroscopy re- 
vealed an increase in heart size with predominant enlargement of the left ventricle and moderate 
dilatation of the ascending aorta. There was a slight right pleural effusion in addition to hilar 
and peripheral pulmonary congestion. 


*By Dr. Barretto Netto. .« 
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rhe electrocardiogram showed bifid P waves in Lead II, biphasic P waves in Leads V; and V2, 
marked left axis deviation, and slurred QRS complexes. The T waves were flattened in Leads | 
and V; and inverted in Lead V in which tall R waves with a late intrinsic deflection indicated left 
ventricular hypertrophy (Fig. 4). 

Clinical Course.—The patient lived for six days after admission. There was no improvement 
on intravenous strophanthin, mercurial diuretics, and a salt-free diet. There was a 6 kilogram 
weight increase, dyspnea remained unaltered, and there were several attacks of paroxysmal 
dyspnea which required morphine. ‘The heart rate remained accelerated, never falling below 110 
per minute, and there were transient periods of arrhythmia attributed to strophanthin. He died 


suddenly on Aug. 22, 1949. 


Fig. 5.—Case 2 (J. G.) Section of the myocardium showing interstitial edema with dissociation of 
the myocardial fibers and perivascular edema, 


Autopsy.—Autopsy revealed an extremely enlarged heart weighing 500 grams with hyper- 
trophy and dilatation of all chambers. There was slight thickening of the pericardium with areas 
of adhesion (chronic adhesive pericarditis). The endocardium showed a few small yellowish 
plaques. The initial portion of the ascending aorta was smooth and shiny. The coronary arteries 
were patent and showed no evidence of sclerosis. The myocardium showed a slightly decreased 
consistency. The free wall of the left ventricle measured 17 mm., and that of the right ventricle 
measured 6 mm. Microscopic studies revealed a thickened pericardium with adhesion of both 
layers and a superficial lymphocytic infiltration with an organized fibrinous exudate. The myo- 
cardium showed marked edema of the vessel walls and of the interstitial tissues (Fig. 5). A cen- 
tral area of basophilic hyaline degeneration was observed in some myocardial fibers. In addition, 
there were signs of chronic bilateral pleuritis, chronic bronchitis with bronchiectasis and pul- 
monary emphysema, pulmonary embolism, renal infarcts, passive congestion of the liver with 


initial cirrhosis, and demyelinization of the peripheral nerves. 


DISCUSSION 
The clinical data strongly suggested that coronary sclerosis was the etiological 
factor in both cases. Notwithstanding the fact that the first patient (D. V.) 
Was in a younger age group, the previously mentioned diagnosis was suspected in 


— 
Vex aa 


SCHLESINGER AND BENCHIMOL: CARDIAC BERIBERI 807 


view of the initial manifestations of chest pain followed by left heart failure and 
later by advanced congestive failure, in addition to the presence of left bundle 
branch block in the electrocardiogram. The second patient (J. G.), however, 
was an older individual with initial and predominant left cardiac failure in whom 
the electrocardiographic changes were equally suggestive of coronary sclerosis. 
In both instances, however, the histopathological data showed normal coronary 
arteries and revealed the typical interstitial edema and myocardial fiber de- 
generation classically described in beriberi heart disease. Thus, the pathological 
findings in the absence of any other cause of disease, with a history of chronic 
alcoholism in addition to histopathologically demonstrated polyneuritis in Case 
2, constitute sufficient proof, in our opinion, to establish the diagnosis of cardiac 
beriberi in both patients. Such cases warrant the discussion of whether hydropic 
degeneration per se may eventually determine myocardial fibrosis in the ad- 
vanced stages of beriberi heart disease, as was observed in Case 1 where a marked 
degree of interstitial degeneration was present in the subendocardial tissues. 
Similar cases of subendocardial fibrosis of undetermined origin with mural throm- 
bosis have been reported* as occurring in vitamin-deficient patients. According 
to Smith and Furth,’ these cases probably correspond to beriberi heart disease, 
since it is their belief that fibrosis may result not only from chronic myocardial 
ischemia, but also from a dietary deficiency. They suggest that this unusual 
distribution of fibrosis is due to the fact that the subendocardial fibers are es- 
pecially susceptible to hydropic degeneration. Furthermore, the resultant 
fibrosis is in itself an additional aggravating factor since it may be especially 
marked around the vessel walls, as was observed in Case 1. A vicious circle is 
thus established in that hydropic degeneration leads to fibrosis which, in turn, 
tends to aggravate the condition. Asa matter of fact, diffuse and focal necrosis 
of the myocardium has been experimentally induced in animals submitted to 
thiamine-deficient diets.*-? 

Since myocardial involvement in beriberi heart disease may reach a stage of 
advanced fibrosis, it is obvious that under these circumstances the condition has 
reached an irreversible stage, as it is only possible to revert the initial process of 
interstitial myocardial edema. 

Finally, it should be emphasized that the electrocardiographic finding of left 
bundle branch block in Case 1 is considered an unusual feature of beriberi heart 
disease. Intraventricular conduction defects are not generally described in this 
condition,’ and the occasional cases in the literature are not particularly con- 
vincing. Those of Braun, Roth, and Suesskind*® observed in infantile beriberi 
are debatable since precordial leads were not obtained. As for the case de- 
scribed by Blankenhorn and associates,'® an elderly patient of 67 years, patho- 
logical data could not be obtained to rule out other etiological factors. It sho.ld 
be mentioned, however, that transient bundle branch block has already been 
observed experimentally in thiamine-deficient rats.’ Nevertheless, if we con- 
sider that myocardial fibrosis may represent a late stage in the develop nent of 
certain cases of beriberi heart disease, it is conceivable that the electrocardio- 
graphic changes may be similar to those observed in coronary sclerosis and other 


degenerative myocardial diseases. In the two cases which have been reported, 
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the electrocardiograms showed unusual changes for beriberi heart disease and 
were misleading findings since they cast doubt on this diagnosis. The patho- 
logical data, however, were decisive in excluding other cardiac conditions and 
illustrated the fact that chronic myocardial fibrosis may result from long-standing 
beriberi heart disease. 

SUMMARY 


A report is presented of two fatal cases of cardiac beriberi in which the clinical 
diagnosis was considered improbable due to a set of circumstances suggesting 
arteriosclerotic heart disease. 

REFERENCES 


1. Benchimol, A. B., and Schlesinger, P.: A cardiopatia beriberica no nosso meio; estudo de 
21 casos, Presented at the Seventh Annual Meeting of the Brazilian Society of Cardi- 
ology, Quitandinha, July, 1950. 
2. Benchimol, A. B., and Schlesinger, P.: Beriberi Heart Disease, Presented at the First 
International Congress of Cardiology, Paris, September, 1950. 
3. Benchimol, A. B., and Cotrim, M. R.: Coragao beribérico, Arq. clin. 4:181, 1947. 
4. Dock, W.: Marked Cardiac Hypertrophy and Mural Thrombosis in the Ventricles in 
Beriberi Heart, Tr. A. Am. Physicians 55:51, 1940. 
5. Smith, J. J., and Furth, J.: Fibrosis of the Endocardium and the Myocardium With Mural 
Thrombosis; Notes on Its Relation to Isolated (Fiedler’s) Myocarditis and to Beriberi 
Heart, Arch. Int. Med. 71:602, 1943. 
6. Follis, R. H., Jr., Miller, M. M., Wintrobe, M., and Stein, H. J.: Development of Myo- 
cardial Necrosis and Absence of Nerve Degeneration in Thiamine Deficiency in Pigs, 
Am. J. Path. 19:341, 1943. 
7. Hundley, J. H., Ashburn, L. L., and Sebrell, W. H.: The Electrocardiogram in Chronic 
Thiamine Deficiency in Rats, Am. J. Physiol. 144:404, 1945. 
8. (a) Aalsmeer, W. C., and Wenckebach, K. F.: Herz und Kreislauf bei der Beriberi Krank- 
heit, Wien. Arch. f. inn. Med. 16:193, 1929. 
(b) Schretzenmayr, A.: Roentgenologische und elektrokardiographische Studien am 
Beriberi Herzens, Arch. f. Schiffs- u. Tropen-Hyg. 43:427, 1939. 
9. Braun, K., Roth, I., and Suesskind, L.: Intraventricular Block in Malnutrition and 
Vitamin B Deficiency; A Report of Two Cases in Children, J]. Pediat. 30:177, 1947. 
10. Blankenhorn, M. A., Vilter, C. F., Scheinker, I. M., and Austin, R. S.: Occidental Beriberi 
Heart Disease, J.A.M.A. 131:717, 1946. 


THE COEXISTENCE OF RHEUMATIC AND ARTERIOSCLEROTIC 
HEART DISEASE IN PATIENTS OVER THE AGE OF 40 YEARS 


Jutius Cuasnorr, M.D., AND AARON SILVER, M.D. 


NEw York, N. Y. 


HE combination of rheumatic and arteriosclerotic heart disease is not fre- 

quently encountered in hospital admissions. The reason is self-evident; 
rheumatic heart disease is an affliction of the young, and the vast majority fail to 
survive the age of 45 years. DeGraff and Lingg' stated: ‘‘To see even the 
terminal stages of this disease (rheumatic heart disease) after the age of 50 is not 
a common experience.’’ One observes considerable resistance to the diagnosis of 
this dual etiology on the part of some clinicians, as if it were a fact that rheumatic 
heart disease precludes the arteriosclerotic changes which are common after the 
age of 40 years. 

OBSERVATIONS 


In order to clarify the problem, we examined the records of 66 patients of 40 
vears or over admitted during the past 10 vears to the Beth Israel Hospital, who 
presented unequivocal post-mortem evidence of rheumatic heart disease. The 
clinical records and the complete autopsy protocols were correlated. 

There were 27 patients (40.9 per cent) with atherosclerosis of the coronary 
arteries, in 14 of whom (21.2 per cent of the total group) there was significant 
narrowing of the coronary arteries. 


TABLE I. AGE DISTRIBUTION OF PATIENTS WITH RHEUMATIC HEART DISEASE 


40-49 50-59 60-69 70-77 TOTAL 
Male 8 6 4 2 20 
Female 13 17 16 0 46 
Total 21 23 20 2 66 


The age distribution is shown in Table |. ‘Table I] shows the distribution of 
the arteriosclerotic changes according to age and sex. It confirms the well- 
known fact that atherosclerosis is more common in men than in women in the age 
group under consideration. Since 46 (69.5 per cent) of our 66 patients with 
rheumatic heart disease were women, it is fair to assume that the incidence of 
coexistent arteriosclerotic heart disease would be even higher in a series in which 
male and female patients were more evenly divided. 


From the Medical Service, Beth Israel Hospital, New York. 
Received for publication July 16, 1951. 
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rasBLe Il. INCIDENCE OF ATHEROMATOSIS IN 66 PATIENTS WitH RHEUMATIC HEART DISEAs! 
BY NUMBER OF CASES AND PERCENTAGE OF CORRESPONDING GROUP IN TABLE I 


40-49 50-59 60-69 70-77 
NO NO NO % NO NO % 
Mak 3 37.5 2 ae } 100 2 100 11 55 
Female 2 15.4 | 23.5 10 62.5 16 24.8 
Potal 5 33.3 6 26.1 14 70 2 100 27 10.9 


Of the 14 patients with significant narrowing of the coronary arteries, 7 had 


definite occlusions with myocardial infarction. Of the 5 female patients in this 
group, 3 had diabetes. The age and sex distribution of these 14 patients are 


shown in Table III. 


raBLe III. AGE AND SEX DISTRIBUTION OF THE PATIENTS WITH RHEUMATIC HEART DISEASI 
WitH CoEXISTENT SIGNIFICANT CORONARY SCLEROSIS 


40-49 50-59 60-69 70-77 rOTAI 
Male 2 2 3 2 9 
Female 0 1 } 0 5 
Total 2 3 7 2 14 


A review of the histories obtained in the 66 cases revealed that precordial 
pain, with or without radiation, was an important symptom in 20. Of these, 10 
This group consisted 


showed no anatomic evidence of coronary artery disease. 
The 10 


of 1 male and 9 female patients; 6 of the latter had auricular fibrillation. 
with pathological changes in the coronary arteries include the 7 patients with 
coronary occlusion referred to and 3 with severe sclerosis and narrowing of the 


coronaries but without occlusion. 


Paste TV. AGrE AND SEX DISTRIBUTION OF PATIENTS ON WHOM A DIAGNOSIS OF CORONARY 
\RTERY DiseASE HAp BEEN MApbE CLINICALLY 


10-49 50-59 60-69 70-77 rOTAI 
Male 2 0 } 2 8 
Female 0 5 5 0 10 
Total 2 5 18 


Table IV shows that a clinical diagnosis of coronary artery disease had been 
made in 18 patients in this series, on the basis of the history, clinical and labo- 
In 7 cases this was not confirmed at autopsy. 


ratory findings, and clinical course. 
Of the remaining 11 patients, 7 proved to have coronary occlusion and 4 moderate 
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to severe coronary sclerosis. Of clinical importance is the fact that in 13 of the 
18 cases in which the diagnosis of coronary disease was made, the presence of 
rheumatic heart disease was not even suspected. Of the 5 cases in which both 
diagnoses were made ante mortem, not one patient showed changes to substan- 
tiate the diagnosis of coronary disease. 

From these studies it seems apparent that internists, confronted with a 
cardiac patient presenting rheumatic heart disease, but in the arteriosclerotic 
age group, are reluctant to entertain both etiological factors in the diagnosis. 
This is unfortunate, since the consideration of both factors is of some importance 
in the treatment and prognosis. 


DISCUSSION 


There are several reports in the literature pointing to the coexistence of 
arteriosclerotic and rheumatic heart disease in the advanced age groups. Roths- 
child, Kugel, and Gross? reported on the post-mortem findings in 161 patients 
with rheumatic heart disease and called special attention to the fact that in 49 of 
these above the age of 40 years the expected course was altered by nonrheumatic 
factors, namely, hypertension, coronary sclerosis, coronary thrombosis, and 
myocardial degeneration and fibrosis. DeGraff and Lingg! found that arterio- 
sclerosis or hypertension or both complicated the course in 2.7 per cent in a study 
of 644 patients who had died with rheumatic heart disease. Juca and White’ 
found 5 cases of death due to myocardial infarction in a study of the cause of 
death in 100 patients with rheumatic heart disease above the age of 20 years, of 
whom 57 per cent were above the age of 40 vears. A more recent report by 
Wartman and Hellerstein‘ on 2,000 consecutive autopsies showed that among the 
120 patients with rheumatic heart disease 49 (41 per cent) survived to the age of 
45 years or over and that 30 per cent of these presented evidences of coronary 
sclerosis or thrombosis. The incidence of coronary disease in those with rheu- 
matic heart disease was substantially the same (30 per cent) as in the whole group 
of 2,000 autopsies (25 per cent). 

Since the present study was undertaken, a very interesting and extensive 
report by Gardner and White® has appeared. They too saw “no reason why 
middle-aged and elderly patients with rheumatic heart disease should not develop 
coronary atherosclerosis as frequently as others without rheumatic stigmata.” 
They stated that it is their belief that ‘in the absence of gross valvular lesions, the 
presence of rheumatic heart disease may be overlooked in elderly patients and 
hence the real frequency of the association of this condition with coronary heart 
disease, if based on clinical records alone, may be underestimated.”’ Of 6,000 
consecutive autopsies at the Massachusetts General Hospital reviewed by Gard- 
ner and White, 436 patients died of rheumatic heart disease and 513 with cor- 
onary disease. Thirty-two showed pathological evidences of both rheumatic 
and coronary disease. In other words, 7 per cent of these autopsied patients 
with rheumatic heart disease also had coronary disease, and 6 per cent of the cases 
with coronary disease also had rheumatic heart disease. These 32 patients 
ranged in age from 42 to 82 years, with most in the sixth and seventh decades of 
life. In only 7 of the 32 patients had both conditions been diagnosed ante mor- 
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tem. The coronary heart disease was missed clinically in only 5 cases, but the 
rheumatic heart condition was not suspected in 21 of 32 cases. Seven of the 
patients showed a considerable degree of mitral stenosis, yet in 3 it was overlooked. 

In 10,000 private patients studied by White,’ 2,840 were diagnosed as having 
coronary heart disease, 1,346 as having rheumatic heart disease, and only 57 as 
showing both conditions. Thus, only 2 per cent of the patients with coronary 
heart disease had clinically recognized rheumatic heart disease as compared with 
6 per cent in the autopsied series. 

More recently, Kaufman and Poliakoff® reported the results of a study made 
at the Goldwater Memorial Hospital, an institution caring for the aged and 
chronically ill. Autopsies on 263 patients between the ages of 40 and 81 vears 
revealed 50 (19 per cent) with gross and/or microscopic evidences of rheumatic 
heart disease. Associated coronary artery disease was present in 5 of the 50 
patients. These authors found that ‘arteriosclerosis of the senile and hyper- 
tensive type was another associated disease frequently causing diagnostic diff- 
culties for the pathologist as well as the clinician. Some cases showed at autopsy 
old arteriosclerotic changes with superimposed typical rheumatic lesions, others 
showed at one point of the heart, aorta, or coronary arteries degenerative changes 
and at other points, active rheumatic lesions.”’ 

In recent years, various investigators have called attention to the difficulty 
in diagnosing rheumatic heart disease in the aged. Typical murmurs may be 
absent, or only a systolic murmur may be heard in patients with subsequently 
proved definite mitral stenosis. Because of the associated arteriosclerotic changes, 
the electrocardiogram may be of little help; right axis deviation is uncommon. 
By the same token, the roentgenographic appearance of the heart may be of no 
assistance. The greatest source of error, however, may lie in the fact that many 
clinicians are not sufficiently aware of the frequency with which rheumatic heart 
disease occurs in the older age group. This is of practical importance since ac- 
tivity of the rheumatic process in older people is not at all infrequent. In Kauf- 
man and Poliakoff’s series,’ 16 of the 50 patients showed clinical evidences of 
“activity” confirmed at post-mortem examination, and 4 more showed “activity”’ 
at autopsy which had not been suspected clinically. 


SUMMARY AND CONCLUSIONS 


1. The present study was undertaken to ascertain the place of arterio- 
sclerosis in patients with rheumatic heart disease above the age of 40 years. 

2. The conclusions are based on 66 deceased patients with post-mortem 
proof of rheumatic heart disease, in whom a correlation is made between the 
rheumatic heart disease and the history, course, and post-mortem evidence of 
arteriosclerotic heart disease. 

3. Atherosclerosis of the coronary arteries was found in approximately 40 
per cent of the whole group, and among those with atherosclerosis, one-half 


presented significant narrowing of the coronary vessels. 

4. <A clinical diagnosis of coronary disease was made in 18 of the 66 cases 
(approximately 30 per cent), but in most of these 18 cases (80 per cent) the diag- 
nosis of concomitant rheumatic heart disease was not even suspected clinically. 


CHASNOFF AND SILVER: RHEUMATIC, ARTERIOSCLEROTIC HEART DISEASE 813 


5. The dual etiology (rheumatic and arteriosclerotic) was considered in the 
clinical diagnosis of 5 patients. In all of these the post-mortem findings failed to 


substantiate the diagnosis of coronary disease. 

6. The present study points to the fact that, in the age group of 40 years or 
over, arteriosclerotic heart disease is fairly common in those with rheumatic heart 
disease and that there is little justification for the apparent reluctance to make 
the dual clinical diagnosis. 
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CARDIOVASCULAR DISEASE IN: MARFAN’S SYNDROME 


ROBERT J. MARVEL, M.D.,* anp P. D. GENovEsE, M.D.** 


INDIANAPOLIS, IND. 


LTHOUGH many case reports of arachnodactyly have appeared in the lit- 
4 4 erature since the original description in 1896 by Marfan,' few necropsy studies 
of this disorder have been made available. The purposes of this paper are to 
make a comprehensive review of the cases with autopsies with emphasis on the 
types of associated cardiovascular lesions, to discuss some of the pathological 
features of these cardiovascular lesions, and to present an additional necropsy 


report. 
CASE REPORT 


E. G., 29 years old, a Negro cabdriver, was admitted to the Indianapolis General Hospital on 
July 18, 1950, complaining of shortness of breath, palpitation, soreness of the leg muscles, and 


swelling of the feet. The patient had been in apparent good health until approximately one 
month prior to this admission when he first noted ‘‘cramping pains’ in the muscles of both legs 
along with swelling of the feet. There had been no definite joint tenderness and no apparent 


fever. He consulted his physician who considered the patient to have “leakage of the heart with 
congestive heart failure."” He was digitalized and given mercurial diuretics by the attending 
physician. During the next three to four weeks, he developed progressive shortness of breath 
with subsequent vomiting, right-sided chest pain, and questionable hemoptysis. 

The past medical history revealed that he had been rejected from the Armed Services because 
he was “‘too tall’ and that he had been treated for gonorrhea three years prior to this admission. 
lhe family history revealed that a brother had died of a dissecting aneurysm of the aorta and 
that a sister has the typical features of arachnodactyly. 

The physical examination on admission revealed a tall (6 feet, 7 inches), thin man who was 
acutely ill. There were marked orthopnea and cyanosis. He was afebrile. Examination of the 
eyes revealed bilateral cataracts. The eye grounds were negative. Examination of the chest 
revealed dullness and decreased breath sounds in the right base posteriorly and moist rales in both 
bases. The heart rate was 110 per minute, and the rhythm was regular. The blood pressure was 
150/50 mm. Hg in both arms. There was marked cardiac enlargement with poor heart tones and 
a diastolic gallop. There were loud systolic and diastolic murmurs at the base, maximal in the 
third intercostal space at the left sternal border. There was no thrill and no pericardial friction 
rub. The liver was enlarged and tender, and there was marked pedal and sacral edema. 

The laboratory findings were essentially negative. These included urinalysis, hemogram, 
erythrocyte sedimentation rate, blood serology for syphilis, and nonprotein nitrogen determina- 
tions. A chest roentgenogram indicated generalized cardiac enlargement with a right pleural 
effusion. The electrocardiogram revealed sinus tachycardia along with an intraventricular block 
(left bundle branch block) and a first-degree atrioventricular block (Fig. 1). 

The course was characterized by the onset of hemoptysis on July 22, 1950, fever, failure to 
respond to therapy, and death on July 27, 1950, approximately six weeks after the onset of symp- 
toms. Death was due to congestive heart failure and pulmonary embolism with infarction. 


Received for publication Aug. 20, 1951. 
*Krannert Fellow in Cardiology, Indianapolis General Hospital. 
** Assistant Chief, Medical Service, Veterans Administration Hospital, Indianapolis 
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Autopsy.— The pertinent findings were in the heart, great vessels, and viscera. There was 
considerable dilatation of all the heart chambers; however, only the left ventricle was hyper- 
trophied. ‘The heart weight was 830 grams. There was moderate fusiform dilatation of the 
ascending aorta with enlargement of the aortic ring. ‘The endocardium was negative. No mural 
thrombi were noted. There were no abnormalities of the valves and coronary arteries. ‘There 
were areas of fibrosis noted throughout the myocardium. Microscopic examination of the myo- 
cardium revealed hypertrophy of the muscle fibers with small areas of focal necrosis and con- 
spicuous interstitial fibrosis. There was also increased vascularization with perivascular lympho- 
cytic infiltration most prominent beneath the epicardium (Fig. 2). The epicardium showed some 
slight lymphocytic infiltration, and the epicardial capillaries were congested. No ante-mortem 


Cri. 


i 


Fig. 1.-—Electrocardiogram demonstrating sinus tachycardia, intraventricular block (left bundle 
branch block), and a first-degree atrioventricular block. 
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thrombi were seen in the smaller vessels. Study of the aortic wall revealed fragmentation of the 
elastic fibers and cystic formation in the media (Fig. 3). No evidence of inflammatory disease 


could be found. The kidneys were normal grossly and microscopically. There were multiple 


pulmonary and intestinal infarctions and marked chronic passive congestion of the viscera. 


DISCUSSION 


Since detailed descriptions of the general clinical features of this condition 
have been given by others,?* only a summary of these will be mentioned here. 
The syndrome is characterized by the major findings of increased height, ab- 
normal lengthening and thinning of the fingers and toes as well as the long bones, 
a decrease in subcutaneous fat, underdeveloped musculature, and relaxation of 


and cystic form 


the ligaments. Additional findings in 50 per cent or more of the cases consist of 
dislocation or subluxation of the lens of the eye, cardiovascular abnormalities, 
kyphosis and scoliosis and deformities of the sternum, highly arched palate, and 
prominent ears. 


he elastic fibers 


The diagnosis of this condition may become more difficult when the cardio- 
vascular abnormalities or findings are not associated with the other characteristic 
findings of arachnodactyly. These cases would be considered a part of the so- 
called forme fruste group, and the diagnosis might depend upon the finding of a 
more typical form of the disease in relatives. 

Although over 300 cases of arachnodactyly have been reported, descriptions 
of only twenty-eight necropsies can be found in the literature (Table ]).°~° 
Nineteen of these reports have been presented in the past decade, with very little 
attention being given this disorder in the American literature. 

The actual incidence of cardiac lesions in this disorder is difficult to determine, 
but it is probably not as great as originally suggested.2* Many of the murmurs 
or abnormal cardiac signs may have been due to severe spinal or chest deformities, 


ing aorta, showing fragmentation of t 


which are often associated, and in such cases may not indicate organic heart dis- 
: ease. Although the cardiovascular findings in the autopsied cases do not give a 
true picture of their incidence in arachnodactyly, they form the basis for study of 
the underlying pathological process as well as of the types of lesions which may be 
encountered, 


the 


A summary as to the incidence of the various cardiovascular findings in the 
twenty-eight necropsied cases of arachnodactyly given in Table Il will be dis- 


cussed somewhat in detail. Definite organic cardiovascular lesions were found in 


aortic wall at the 


twenty-five cases. 


Left ventricular hypertrophy was present in nineteen cases, no hypertrophy 
was found in four, right ventricular hypertrophy due to pulmonary disease (pul- 
monary atherosclerosis and diffuse cystic disease of the lung) was found in two, 


tration 


Section of the 


and in three there was no definite evidence of hypertrophy because of incomplete 
records as to heart weight and microscopic study. Of the nineteen instances of 
evidence of cardiac hypertrophy, it seems likely that seventeen of these can be 
explained on the basis of valvular deformity. The remaining two cases have no 
definite explanation for the hypertrophy. Of the cases with no hypertrophy two 


iymphocytic in 
Fie 


occurred in patients of ages 1 year or younger, and the other two were reported in 


| — 
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TABLE I. 


AUTHOR 


Salle® (1912) 


Borger® (1915) 


Piper and 
Irvine-Jones’ 
(1926) 


Weillé (1932) 


Apert? (1938) 


Giraud and 
associates!" 
(1938) 


Stewart! (1939) 


Rambar and 
Denenholz!? 
(1939) 


Oleott™ (1940) 


Baer and co- 
workers'* 
(1943) 
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CLINICAL AND ANATOMICAL FEATURES OF CARDIOVASCULAR LESIONS IN MARFAN’S SYNDROME 


SEX AND AGE 
AT DEATH 


Male 
months 


Female 
] year 


Female 
21 months 


Female 
27 years 


Male 
47 years 


Female 
13 years 


Female 
9 months 


Male 
16 years 


Male 
months 


Female 


16 years 


Female 
14 years 


CLINICAL FEATURES 


Pulmonary and 
apical systolic 
murmurs 


Deformed thorax; 
loud systolic mur- 
mur at base, left 
axilla, and left 
lung base 

Basal systolic and 
diastolic murmurs 
in left second and 
third interspaces 

Unknown 


Unknown 


Unknown 


Systolic precordial 
murmur 


Feeble heart sounds 
with thrill and 
presystolic mur- 
mur at apex 

Normal heart sounds 


Precordial systolic 
murmur 


Auricular fibrillation 
and systolic thrill 
with a faint basal 
diastolic murmur 


ANATOMICAL FINDINGS 


Dilatation and hypertrophy of 
heart; patent foramen ovale; 
gray-red nodulations along the 
margins of tricuspid and aortic 
valves 

Patent foramen ovale; heart of 
normal size and shape 


Interauricular septal defect; no 
heart weight 


Hypertrophied heart, weight 490 
grams; marked dilatation of 
aortic orifice; fused and thick- 
ened aortic valve cusps inter- 
preted as healed endocarditis; 
dilatation of the intrapericardial 
portion of the aorta with saclike 
ectasia of the sinuses of 
Valsalva 

Heart of normal size and shape; 
yellowish thickening of gelat- 
inous consistency covering the 
“free face” of the mitral valve; 
dilatation of ascending aorta 

Hypertrophy of right ventricle; 
patent ductus Botalli; athero- 
sclerosis of pulmonary artery 

Right ventricular dilatation; no 
heart weight given; cushionlike 
thickening of mitral and aortic 
valves without ulceration or 
vegetation 

Right auricle and ventricle 
markedly dilated; heart weight 
of 482 grams; mitral stenosis 


Dilated left ventricle with heart 
weight of 115 grams 


Hypertrophied heart weighing 520 
grams; fenestration of posterior 
mitral cusp and calcification 
and nodular thickening of 
mitral ring; acute vegetative 
endocarditis 

Left ventricular hypertrophy with 
heart weighing 560 grams; 
patent foramen ovale; wrinkling 
and nodulation of mitral valve; 
MacCallum patch; dilatation of 
aortic orifice; aneurysmal dila- 
tation of ascending aorta; con- 
genital malformation of aortic 
media 


CAUSE OF DEATH 


Broncho- 
pneumonia 


Broncho- 
pneumonia 


Broncho- 
pneumonia 


Unknown 


Unknown 


Unknown 


Broncho- 
pneumonia 


Lobar 
pneumonia 


Broncho- 
pneumonia 
secondary to 
chicken pox 

Endocarditis and 
broncho- 
pneumonia 


Unknown 


=— 


AUTHOR 


Baer and co- 
workers! ! 
(1943) 


Ktter and 
Glover™ 
(1943) 


Bergstrand"® 
(1943) 


Vejdovsky" 
(1946) 


Tobin and 
associates!* 
(1947) 


Strayhorn and 
Wells!’ 
(1947) 


Uyeyama and 
associates” 
(1947) 
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SEX AND AGE 
AT DEATH 


Male 
25 years 


Male 
21 years 


Female 
19 days 
(premature) 
Female 
23 years 


Male 


22 years 


Female 
35 years 


Male 


28 years 


Male 


22 years 


CARDIOVASCULAR DISEASE, MARFAN’S SYNDROME 


TABLE I.—Cont'b 


CLINICAL FEATURES ANATOMICAL FINDINGS 


Right and left ventricular hyper- 
trophy with heart weighing 840 
grams; patent foramen ovale; 
thickening of endocardium be- 
neath aortic valve; aneurysmal 
dilatation of ascending aorta; 
dilatation of aortic orifice; con- 
genital malformation of aortic 
media and questionable medial 
degeneration of pulmonary 
artery 

Report incomplete: ‘Aortic val- 
vular regurgitation with pro- 
nounced myocardial hyper- 
trophy and massive hemoperi- 
cardium; chronic dissecting 
aneurysm of ascending aorta 
with fatal rupture into peri- 
cardium” 

No abnormal cardiac findings; 
heart weighed 10 grams 


Aortic systolic and 
diastolic murmurs; 
apical presystolic 
rumble 


Aortic systolic and 
diastolic murmurs; 
aortic enlargement 
on x-ray 


Heart sounds clear; 
no murmurs 


Dissecting ascending aortic 
aneurysm with rupture into the 
pericardial sac 

Cardiac hypertrophy with heart 
weighing 650 grams; focal non- 
specific myocarditis; scarring 

of mitral and aortic leaflets; 
dilatation of aortic orifice; 
malformation of aortic media; 
hemopericardium secondary to 
dissection of aneurysm of aorta 

Cardiac hypertrophy with heart 
weighing 590 grams; dissecting 
aneurysm of aorta and its main 
branches down to the iliac 
arteries; fibromyxomatous 
thickening of the tricuspid, 
mitral, and aortic valves and 

of the left atrial endocardium; 
malformation of aortic media 

Heart greatly enlarged and 
weighing 1,130 grams; aortic 
ring greatly dilated; complete 
derangement of the media of 
the aorta with deficiency of 
elastic tissue; thickening of 
mitral leaflets and chordae 
tendineae; aneurysmal dilatation 
of the ascending aorta 

Ventricular hypertrophy with 
heart weighing 510 grams; dis- 
secting aneurysm of aorta below 
arch with rupture into the left 
pleural cavity; stenosis of arch 
of aorta; aortic medionecrosis; 
old mitral valvulitis 


Unknown 


Aortic systolic and 
diastolic murmurs 


Systolic murmur and 
thrill at third left 
interspace 


Marked cardiac en- 
largement with 
an aortic to-and- 
fro murmur; 
angina | year 


Angina 2 weeks; 
diffuse enlarge- 
ment of thoracic 
aorta and cardiac 
silhouette on 
fluoroscopy; loud, 
rough systolic 
murmur over en- 
tire precordium 


(Table continued on foliowing page.) 
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CAUSE OF DEATH 


Unknown 


Rupture of a 
dissecting 
aneurysm into 
the pericardium 


Broncho- 
pneumonia 


Hemoperi- 
cardium 


Cardiac tampo- 
nade secondary 
to a dissecting 
aneurysm 


Myocardial in- 
farction second- 
ary to the dis- 
secting aortic 
aneurysm 


Congestive heart 
failure 


Dissecting aortic 
aneurysm with 
rupture into 
the pleura 


<==: 
= 
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SEX AND AGE 
AT DEATH 


AUTHOR 


Female 
12 years 


Viva-Salas and 
Sanson*! 
(1948 


Female 
52 years 


Spickard™ 
(1948) 


Female 
23 years 


Lindeboom and 
Bouw er? 


(1949 (7 months 
pregnant) 
Lutman and Male 
Neel** 34 years 
(1949 


Female 
26 years 


Oswald and 
Parkinson* 
(1949 


Case No 
36351 


lemale 
28 years 


1950 
teynolds*’ Male 
(1950 26 years 
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CONT'D 


TABLE I. 


CLINICAL FEATURES 


Angina | year; 
marked cardiac 
enlargement on 
x-ray; systolic 
murmur and thrill 
at apex; diagnosis: 
probable intraven- 
tricular septal de- 
fect with rheuma- 
tic fever and sub- 
acute bacterial 
endocarditis 

\pical systolic mur- 
mur with auricular 
fibrillation 


Angina and pre- 
eclampsia; pulse 
on right side very 
feeble; cardiac en- 
largement with 
systolic murmur at 
pulmonic area and 
left carotid artery 

Systolic murmur 
over entire pre- 
cordium; diagnosis 
of rheumatic heart 


disease 


Sinus tachycardia 


Cardiac enlargement 
at 8 years; large 
heart with aortic 
systolic and dias- 
tolic murmurs and 
auricular fibrilla- 
tion 

Angina | year; car- 
diac enlargement 
with aortic sys- 
tolic and diastolic 
murmurs 


Cardiac hypertrophy with heart 


Heart weight of 350 grams; 


Heart weight of 310 grams; dis- 


‘ardiae hypertrophy with heart 


Right ventricular hypertrophy; 


Cardiac hypertrophy with heart 


‘ardiae hypertrophy with heart 


ANATOMICAL FINDINGS CAUSE OF DEATH 


Subacute bacterial 
weighing 330 grams; thrombotic endocarditis 
endocarditis of the mitral valve 

with perforation of posterior 

cusp; exudate with numerous 

bacterial masses on mitral 

valve 


Congestive heart 
mitral valve deformity suggest- failure 

ing rheumatic valvulitis; aortic 

cystic medionecrosis; site of 

tear chiefly adventitial and not 

a true medial dissection; dis- 

secting aneurysm of aorta extend- 

ing between aortic cusps pos- 

teriorly 

Dissecting aortic 
secting aneurysm of the ascend- aneurysm 
ing aorta, its great vessels, the 

abdominal aorta, and the renal 

artery; aortic cystic medio- 

necrosis; renal cortical necrosis 


Congestive heart 

weighing 670 grams; aortic failure 

valve and root of aorta dilated 

with small atheromatous plaques 

around the coronary ostia; in- 

creased collagenous tissue in 

vicinity of aortic ring; replace- 

ment of some muscle fibers of 

left ventricle with collagen; 

chronic rheumatic endocarditis 

of aortic and mitral valves 

Congestive heart 

no heart weight given; patent failure 

foramen ovale; diffuse cystic 

changes in the lung 

Congestive heart 
failure and pul- 
monary emboli 


weighing 850 grams; aneurysm 
of ascending aorta with old 
rupture; aortic cystic medio- 
necrosis 


Congestive heart 
weighing 1,100 grams; aortic failure 
ring dilated with thickening of 

aortic cusp edges; large aneu- 

rysmal dilatation of whole 

ascending aorta; aortic cystic 
medionecrosis; media well 

vascularized with dilated ca- 

pillaries 
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TABLE I.—Cont’D 


SEX AND AGE 


AUTHOR AT DEATH CLINICAL FEATURES ANATOMICAL FINDINGS CAUSE OF DEATH 
teynolds”’ Female Rheumatic fever at | Cardiac hypertrophy with heart Congestive heart 
(1950) 20 years 21% years; marked weighing 600 grams; consider- failure 
cardiac enlarge- able periarterial fibrosis in the 
ment with aortic myocardium of both ventricles; 
systolic and dias- old rheumatic mitral and aortic 
tolic murmurs valvulitis 
lisehl and Female Angina 2 years; Cardiac hypertrophy with heart Congestive heart 
{uthberg”” 24 years marked cardiac weighing 750 grams; large sac- failure and 
(1951) enlargement with cular aneurysm of ascending pulmonary 
aortic to-and-fro aorta; coarctation of aorta just infarctions 
murmur; x-ray sug-| _ beyond left subclavian artery; 
gestive of a double aortic ring dilated; aortic cystic 
valve lesion medionecrosis 


patients aged 23 and 27 years; in the latter two there was evidence of mitral val- 
vular deformity in one and of a dissecting aortic aneurysm in the other. The 
microscopic changes ranged from hypertrophy alone to hypertrophy with varying 
degrees of fibrosis, necrosis, and cellular infiltration. In some cases there was 
noted a replacement of muscle fibers with collagen, as was seen around the aortic 
another case a mention of periarterial fibrosis was made.?* And one 
author considered these changes to be those of focal nonspecific myocarditis.'* 
These changes in the myocardium are similar in many respects to those found in 
the aorta and suggest the possibility of an inherent disturbance in the develop- 
ment of the myocardium as well as of the aorta. 


ABLE IL. INCIDENCE OF VARIOUS NECROPSY FINDINGS IN TWENTY-EIGH1 
CASES OF MARFAN’S SYNDROME 


POST-MORTEM INCIDENCI 
rYPE OF LESION OF CARDIOVASCULAR DISEASI 
(NO. CASES) 


= 
~ 


Detinite organic cardiovascular disease 


2 (89% 

2. Cardiac hypertrophy 21 (75%) 

3. Congenital malformations 16 (57%) 
al. \ortic cystic medionecrosis 11 (39% ) 
b. Interauricular septal defect 6 (21%) 
€. \ortic stenosis or coarctation 2 ( 7%) 
d. Patent ductus arteriosus i € 3.3%) 
Pulmonary artery cystic medionecrosis i 
f. Valve malformations (fibromyxomatous thickening ) 1 ( 3.5%) 

t. Aortic aneurysms 15 (54%) 
a. Ascending arch aneurysms 14. (50%) 
b. Descending arch aneurysms 3 (11%) 
c. Dissecting aneurysms 8 (29%) 

5. Aortic valve incompetence 10 (35%) 

6. Rheumatic valvular lesions or endocarditis 10 (35%) 

7. Valvular lesions of undetermined etiology 5 (18%) 


—— 
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Congenital cardiac malformations, which reportedly occur quite frequently 
with this disorder, were found in sixteen of the twenty-eight autopsied patients, 
several of whom had more than one type of malformation. Aortic cystic medio- 
necrosis or congenital malformation of the aortic media was first reported as a part 
of this disorder by Baer and associates“ and subsequently was found in nine 
other cases. Detailed microscopic studies of the aorta are lacking in fifteen of 
the necropsy reports, and in only two instances where microscopic study was 
done was the aortic media considered to be normal." ?? Microscopic study of 
the aorta has always shown the lesion to involve the media where one finds mal- 
formed muscle bundles, fragmentation of the elastic fibers, cystic spaces, and, in 
some cases, increased vascularization with capillaries. No inflammatory changes 
have been noted. The histological features are very similar to the so-called 
“‘medionecrosis aortae idiopathic cystica’’ described by Erdheim.*® Baer and 
associates" pointed out that the aortic lesions in Erdheim’s cases differ from those 
in arachnodactyly in that the cystic changes in the media were primarily due to 
necrosis and senile degeneration and did not show the distortions of medial muscle 
bundles and blood channels. Recent reports have pointed out the necessity for 
further study of the role of the vasa vasorum in this malformation." *"?7 There 
seems little doubt that these changes in the aortic media are responsible for the 
aortic aneurysmal dilatation and subsequent dissection. The similarity of these 
lesions and those found in young adults with aortic aneurysms, other than of 
syphilitic origin, raises the question of a common etiology. Aortic medionecrosis 
is considered the commonest cause of dissecting aneurysms in patients under the 
age of 40 years,*® and such cases recently have been reported by Holland and 
Bayley,*! Davies,** Yettra and Lasky, and Oswald and Parkinson.” A case 
recently reported by Levine and co-workers* as one of chronic dissecting an- 
eurysm of the aorta resembling chronic rheumatic heart disease and having the 
additional feature of long and tapering fingers with hyperextensibility of the 
metacarpophalangeal joints is quite likely one of arachnodactyly. The micro- 
scopic study in this case also revealed cystic degeneration of the aortic media. 
The finding of cystic medionecrosis in the pulmonary artery in one of the twenty- 
eight cases suggests the possibility of such lesions in other vessels.“ A con- 
genital abnormality of the external carotid artery was suggested in a case of 
Lindeboom and Westerveld-Brandon.® Other congenital malformations found 
in the necropsy reports include interauricular septal defects in six, coarctation or 
stenosis of the aorta in two, patent ductus arteriosus in one, and valvular mal- 
formation (nodulation or thickening) in one. 

Aortic valve incompetence was noted clinically in eleven of the twenty-eight 
cases and found to be present at autopsy in only ten. However, in three reports 
where aortic insufficiency was clinically present, the autopsy summaries were in- 
complete, and no description of the aortic ring was given. In two instances, 
aortic insufficiency was not recognized clinically, but aortic valve incompetence 
was found at post-mortem examination. 


Aortic aneurysms were described in fifteen of the twenty-eight post-mortem 


studies, and in only three were the diagnoses made clinically. Ascending arch 


MARVEL AND GENOVESE: CARDIOVASCULAR DISEASE, MARFAN’S SYNDROME 823 


aneurysms were found in fourteen, descending arch aneurysms in three, and dis- 
secting aneurysms in eight. Four patients with gross evidence of aneurysmal 
dilatation or dissection were without histologic study of the aortic wall, and the 
remaining eleven with aneurysms presented histologic evidence of aortic media 
malformation. These findings seem to further substantiate the suggestion that 
the cardiovascular malformations may be more diffuse and not necessarily limited 
to the heart and ascending aorta. As to the duration or course of the disease in 
cases of dissecting aneurysms, it might be well to mention that one had healed, 
another was described as chronic, and the remaining six led to sudden death fol- 
lowing a short course. 


Rheumatic valvular lesions reportedly occur with great frequency in this 
syndrome, but fairly definite evidence of rheumatic valvular disease and/or 
endocarditis was described in only ten of the twenty-eight autopsy reports. It is 
the opinion of some authors that the frequent occurrence of interauricular septal 
defects may lead to an increased incidence of rheumatic valvular lesions.* How- 
ever, such septal defects were present in none of the ten patients with fairly 
definite evidence of rheumatic valvular disease. ‘The aortic lesion in Marfan’s 
syndrome may occasionally masquerade as one of rheumatic origin because of the 
age group in which it occurs, the radiographic findings, the associated vague pains 
in the extremities sometime during the course of the illness, and the absence of 
other good etiological explanation.” **6?5 There was one case of subacute 
bacterial endocarditis.” 


Finally, there is a miscellaneous group of valvular lesions in which unequivo- 
cal evidence for rheumatic origin is lacking. There were five such instances in 
the twenty-eight autopsy reports, and some of the descriptions or comments of the 
authors concerning these deformities deserve attention. Weill’ was uncertain as 
to whether one of his cases represented healed endocarditis or degeneration. 
Giraud and associates'’ offered no explanation for the cushionlike thickening 
noted on the mitral and aortic valves of their patient. Baer and co-workers" 
considered their studies to reveal no evidence of old rheumatic activity, although 
there was thickening of the mitral valve leaflets and a wrinkled, roughened patch 
in the endocardium of the left atrium. Tobin and associates'* were of the opinion 
that the endocardial lesions in their two patients were manifestations of a de- 
velopmental defect. The explanation for these valvular and endocardial de- 
formities remains unanswered at the present time, but they may represent an- 
other manifestation of the many developmental disturbances of Marfan’s syn- 
drome. 


SUMMARY AND CONCLUSIONS 

1. A clinical report and the post-mortem findings of another case of Mar- 
fan's syndrome with cardiovascular disease are described. 

2. <A detailed review and analysis of the twenty-eight autopsied cases of 

Marfan’s syndrome or arachnodactyly are presented. Special emphasis is given 

to the types and pathological features of the associated cardiovascular lesions. 
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3. Summaries for all of the necropsy reports of the various cardiovascular 


lesions and the post-mortem and clinical features of Marfan’s disease are re- 


ported. 


With the addition of our case, the total number of post-mortem reports 


is now twenty-nine. 


4. The importance of cardiovascular lesions in this syndrome is borne out 


by the fact that in eighteen of the twenty-eight autopsied cases, death was at- 


tributable to lesions of the heart and/or aorta. 
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A PHOTOELECTRIC METHOD FOR THE DETERMINATION 
OF ARTERIAL OXYGEN SATURATION IN MAN 


P. SEKELJ, D.Ena.,* A. L. JoHNson, M.D., H. E. Horr, M.D.,** 
AND M. Pratt SCHUERCH, M.D.*** 


MONTREAL, P. Q. 


N RECENT years there has been great interest in methods for determination 
of the oxygen saturation of arterial blood by photoelectric methods. This 
interest has been especially stimulated by clinical use of the photoelectric oximeter, 
in anesthesia and aviation medicine. Many modifications of the basic instru- 
ments first described by Kramer! and Matthes* have been reported,*-* and Wood® 
has provided an excellent historical and clinical review of these developments. 
The purpose of this paper is to describe an oximeter which differs somewhat 
in principle from previous types and may be used in normal subjects and patients 
with cardiovascular defects without the necessity of presetting to known oxygen 
saturations. 
The theoretical bases for calculation of the saturation of hemoglobin from 
the absorption data obtained are considered, and simplified mathematical ex- 
pressions are derived which enable one to determine the relative or absolute 


oxygen saturation by calculation or graphical methods. 


PRINCIPLE 


The photoelectric methods for the determination of the arterial oxygen 
saturation of the hemoglobin in vivo depend on the measurements of the absorp- 
tion of light in the blood vessels of the pinna. These methods are based on the 
fact that certain radiations are differently absorbed by oxygenated and by re- 
duced hemoglobin. In order to determine the degree of oxygenation of the 
hemoglobin, it is necessary to discriminate between the amount of light absorbed 
by the oxygenated and by the reduced hemoglobin, respectively, and also between 
the absorption due to differences in the total quantity of hemoglobin and that due 
to differences in individual ears. In order to distinguish between the absorption 
depending on the degree of oxygenation and that depending on the total quantity 
of hemoglobin, two different radiations are used: a red radiation which is dif- 
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ferently absorbed by oxygenated and reduced hemoglobin, and an infrared ra- 
diation, which, for all practical purposes, is equally absorbed by both oxygenated 
and reduced hemoglobin. 

In the Millikan® oximeter the amount of light absorbed by the ear tissue is 
not measured, but it is allowed for by adjusting the instrument to indicate a 
known value of oxygen saturation (presetting the instrument to 98 or 100 per cent, 
when the subject is breathing room air or 100 per cent oxygen). Compensation 
for differences in the quantity of hemoglobin is provided by bucking the output 
of the infrared photocell against the output of the red photocell. The Millikan 
oximeter provides only relative measurements of oxygen saturation. 


CIRCUIT OlAGRAM 


Fig. 1.—-Basic circuit and wiring diagram of the oximeter. Galvanometer I: coil resistance = 
1,094Q; damping resistance = 5,260Q; sensitivity = 0.97 yA full-scale deflection. Galvanometer II: 
coil resistance = 978Q:; damping resistance = 7,000(22; sensitivity = 0.86 yA full-scale deflection. 
IR, iron selenium photocell covered with Wratten filter No. 61; R, iron selenium photocell covered with 
Wratten filter No. 29; P = 20 kQ linear precision potentiometer; R) = 625 kQ“: Re = 10 kQ: R; = 
400 kQ: Ry = 4 kQ: IR = 10 kQ; R = 5 kQ: R. = 200Q. 


In the method devised by Goldie* and in the oximeter of Wood and Geraci,’ 
the absorption in the tissues of the ear is distinguished from the absorption due to 
hemoglobin by measuring separately the radiations of both wave lengths trans- 
mitted by the pinna when it is flushed with blood and also when the blood is ex- 
cluded by pressure. The Wood oximeter provides absolute values of oxygen 
saturation. 
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In the oximeter to be described, the effect of absorption by the ear tissue is 
eliminated by arranging the instrument so that separate readings can be obtained 
in the red and infrared absorption bands. ‘This permits absolute oxygen satura- 
tion determinations to be carried out without resorting to the bloodless ear 
technique. 

DESIGN OF THE OXIMETER 

Ear Unit.—This is the same unit as that employed in the Millikan com- 
pensated-circuit oximeter. This unit contains two barrier-layer photocells, 
each covered with a Wratten light filter (No. 61 and No. 29, respectively). 

Circuit.—Fig. 1 shows diagrammatically the circuit used. Fig. 2 is a photo- 
graph of the oximeter. 

A precision potentiometer, P, with linear characteristics, in series connection 


with a variable resistor, R., is connected across a bias cell of 1.5 V. 


OXIMETER 


Fig. 2._- Photograph of the oximeter. 


Millikan, in his second model, employed a bias current to offset the gal- 
vanometer zero according to the infrared transmission and so attempted to com- 
pensate for differences in the quantity of hemoglobin from one subject to another. 
In the present instrument, the bias current flowing in the galvanometer at any 
moment is a precise measurement of the output of the red-filtered photocell, 
which is directly proportional to the degree of oxygenation, and is an inverse 
function of the amount of ear tissue and of the amount of hemoglobin in the optical 
path. 

The circuit is arranged so that a bias current is available which is about five 
times as large as the current required to give a full deflection of the galvanometer. 
The manner in which the bias current is used in this instrument is one important 
feature of its operation. The accuracy of the determinations is, in part, due to 
the fact that the readings for the oxygen saturation are not compressed into a 
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relatively narrow field on the galvanometer scale, but are taken on a large “virtual 
scale’ of about 500 mm. To the knowledge of the authors, all existing oximeters 
not using some kind of amplification incorporate galvanometers of at least ten 
times the sensitivity of the instrument used, while still having a more compressed 
scale for the oxygen saturation readings. 

The circuit arrangement using a bias cell represents basically a null-bridge 
method. Thus it is possible to use practically the full sensitivity of the gal- 
vanometer and a pre-established optimum output of the red-filtered photocell. 
Additional features of the circuit arrangement are as follows: (1) With the red- 
filtered photocell only one setting of the dial is necessary to determine two separate 
readings and the difference between them. (2) Readings with the red-filtered 
photocell which would fall outside of the galvanometer scale can be brought back 
on to the scale by simple rotation of the dial. (3) Through simple inspection of 
the dial setting and the simultaneous galvanometer deflection, one can check the 
proper operation of the instrument. 

A Rubicon box-type galvanometer of sensitivity of about 1 yA full-scale 
deflection is used. 

The lamp for the earpiece is operated by a 6.0 V storage battery.* The 
voltage is adjusted by a rheostat to 5.0 V and is maintained constant for both 
red and infrared readings. 

The currents in the galvanometer at any moment are determined by the 
position of the dial and of the rotary switch, S. If Sis in the mid-position, only 
the bias current flows. 

OPERATION 


A standard Coleman red filter (No. 0.5A) is inserted into the earpiece, and 
the earpiece is allowed to become warm for five to ten minutes. The galva- 
nometer zero is set at the left end of the galvanometer scale. The oximeter is 
designed so that when dial, P, and switch, S, are in their mid-positions, the de- 
flection of the galvanometer is 100 mm. A variable resistance, R., may be used 
for fine adjustment when the bias battery voltage is slightly below its rated value. 

With the dial remaining in the mid-position, the switch, S, is turned counter- 
clockwise to the first position and the infrared standardization current is adjusted 
by the potentiometer, JR. 

The switch, S, is then turned to the second position on the left, and the red 
standardization current is adjusted by the potentiometer, R, so that the gal- 
vanometer spot is restored to the zero position. 

The switch, S, is now turned to the mid-position and the earpiece fitted onto 
the pinna. S is turned clockwise to the first, infrared, and second, red, run- 
positions, respectively. Readings are taken at short intervals in these positions 
until the galvanometer readings are constant, indicating that the ear is fully 
flushed. 


*In a more recent model a rectified and thoroughly filtered D.C. voltage from a constant voltage 
transformer of 7.5 V is employed. 
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Immediately after the stabilization period, the deflection with the infrared- 
filtered photocell, Dj, is measured: it is an inverse function of the amount of ear 
tissue and quantity of hemoglobin in the optical path. 

D; is considered as a parameter characteristic of an individual pinna.* 

With S in the red run-position the potentiometer dial is turned in either 
direction, depending upon the individual pinna, to bring the galvanometer spot 
into the zero position. The dial indication is a measure of the bias current which 
is necessary to compensate for the current with the red-filtered photocell, D,,. 
This reading at the beginning of the experiment, when the subject is breathing 
room air or pure oxygen, is regarded as another parameter characteristic of the 
individual pinna. 

When the arterial oxygen saturation decreases, the galvanometer spot moves 
to the right. The value, D,x, proportional to the red light transmission through 
the pinna at different levels of oxygen saturation, is equal to the difference, 
D.,— H, where H denotes the reading of the galvanometer. 

To check on the constancy of the amount of hemoglobin (Dj; reading) or to 
indicate variations in it, it is only necessary to press a push button, B. By this 
means, the operation of the single scale oximeter for both red and infrared readings 


is greatly improved. 
CALIBRATION OF THE OXIMETER 


The instrument was calibrated in the following manner: Preoperative 
patients, anesthetized with Pentothal or Kemithal, breathed varying proportions 
of oxygen and nitrogen. Femoral artery samples were withdrawn with the 
subject at varying levels of oxygen saturation. During the withdrawal of the 
samples, oximeter readings, H, were taken at about five-second intervals. These 
readings were averaged, and the average value of H for each sampling period was 
calculated. 

A calibration curve was constructed by plotting the percentage oxygen 
saturation of arterial samples obtained in different subjects, determined by the 
Van Slyke method of analysis,'’:'"' against the corresponding values of the ratio: 


Dex (: H ) 
og 


D1 
: — log K log — log K 
log D, D, 


where D,, denotes the deflection of the galvanometer with the red-filtered photo- 
cell while the patient is breathing 100 per cent oxygen. This value is given di- 


*It has been assumed, in order to arrive at and to operate with a simplified mathematical expression, 
that the output of the infrared-filtered photocell is independent of the oxygen saturation. This as- 
sumption is not closely enough fulfilled in experiment and is a source of inaccuracy in the oximeter read- 
ings. However, the error resulting from this fact is minimized by the circuit arrangement. It should 
be observed that at any instant independent readings with the infrared- and red-filtered photocell can 
If there is a change in the infrared reading, from whatever cause, this is introduced into 


be made 
the equation, 
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rectly by the dial reading with the galvanometer spot brought back to the zero 
position. H is the deflection of the galvanometer when low oxygen mixtures are 
administered to the patient. Consequently, D,. — D,:— H; K is a constant of 
a particular oximeter. It should be noted that D,, and Dj are considered con- 
stant characteristics of an individual ear, and so is the ratio D,,/Dj._ It can be 
seen that if there is no change in the D; reading during the experiment, D,, is the 
sole variable with changes in the oxygen saturation. 


SATU RATION 


O21 


2 4 6 8 10 2 4 (6 pre) a 26 28 38 
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Fig. 3 Empirical calibration diagram based on sixty-nine simultaneous photoelectric 
and Van Slyke determinations of arterial oxygen saturation. 


lig. 3 shows the calibration curve of one instrument, obtained from sixty- 
nine arterial samples in twenty-three normal subjects (aged 3 to 20 years).* 


NOMOGRAM 


On the basis of certain considerations and assumptions which are described 
in the appendix, a nomogram has been constructed (see Figs. 4 and 5) to permit 
the percentage of oxygen saturation to be obtained quickly and to avoid calcu- 
lations. 


*Deviations from the straight line relation when the oxygen saturation is near or above 94 per 
cent are clearly seen in this curve. These were also observed by Wood and Geraci. 
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Fig. 5.--Calibration diagram constructed on the basis of twenty-four simultaneous photoelectric 
and Van Slyke determinations of arterial oxygen saturation. Procedure of calibration is described in 
the theoretical part of this paper (see appendix). 
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The left ordinate, I, represents the values D,;. The galvanometer de- 
flections, H, for varying levels of oxygen saturation are plotted as abscissa, I]; 
H 
the values 1 — A are read directly on the transversal oblique line, III. 


Che inner ordinate, IV, is the scale for different values of the ratio — The 
rl 
inner abscissa, V, is the scale for different values of Dj. 


D 
With the value A and the value — obtained from the nomogram, the per- 


rl 
centage oxygen value is directly found from the graph, shown in Fig. 5, where 
log A is plotted as the abscissa and the percentage oxygen saturation as the 
ordinate. 
It should be noted that value A varies with changes in oxygen saturation, 


while the ratio —~ is constant as long as there is no change in the Dj; reading, 
rl 


i.e., in the amount of blood in the light path during the operation. — If this reading 


changes, the oxygen saturation value is taken from the corresponding — line 


rl 


in Fig. 5. The position of the oblique line on which the values of — are plotted 


rl 
limits the empirically observed linearity range. As it is very difficult to obtain 
arterial samples of such low oxygen saturation in adequate numbers, the slope 


and position of this line are only approximate. 


MEASUREMENT OF THE ABSOLUTE VALUE OF THE PERCENTAGE 
OXYGEN SATURATION 


It has been shown that in order to calculate or to find graphically the per- 
centage oxygen saturation, a knowledge of the value D,,, obtained through direct 
measurement, is required. In subjects with arterial oxygen unsaturation of any 
etiology the value D,,; has to be found indirectly, as will be shown. 

The experimental procedure, with respect to standardization and warming- 
up, is the same as outlined under “Operation.”” When operating on normal 
subjects breathing room air or pure oxygen, the bias current, which is equal and 
opposite to the actual red photocurrent, D,,, is indicated on the dial. When 
subjects with hypoxia are examined, however (with the galvanometer spot 
brought to the zero position, as before), the dial indicates the photocurrent, D,,, 
reduced by a fraction due to the presence of unsaturated hemoglobin, i.e., D,x 
H. 

It has been observed that a relationship exists between D,;, Dj, and the hemo- 
globin concentration, C. It has been found empirically that when values of D,, 
are plotted against values of the product (Dj;- log C), they fall very close to a 
straight line; when this product exceeds a certain value, E, then the slope of this 
line abruptly changes. An essentially similar curve has been obtained by Drab- 


kin and Singer for the total extinction of erythrocyte suspensions as a function of 


— 
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the logarithm of the product N-d, where N is the number of corpuscles per unit 
volume and d is the depth of the suspension. Recently, spectrophotometric 
investigations were carried out by Kramer and associates“ to determine the 
validity of Beer’s law for whole blood. They found that the extinction co- 
efficient of oxygenated hemoglobin and to a much less extent that of reduced 
hemoglobin is not a constant but depends upon the oxygen capacity of the hemo- 
globin. These workers have arrived at a modified expression for whole blood by 
introducing into Beer’s equation a term containing the oxygen capacity of hemo- 
globin. 

The unknown value of D,; may be obtained graphically from a diagram in 
which D,, is plotted against D;: log C or calculated from the following expressions: 


=a + fm: (Dj: log C), when log C) E (9) 
or Dux =a t+ f [(m; — + me log C)], when log C) > E .. (9a) 


where a is a constant, the intercept on the ordinate; m; and m, are constants, the 
slopes of the lines; C is the hemoglobin concentration in grams per 100 ml., and 
f is the galvanometer deflection in millimeters per dial division. For simplicity 
of calculations, C in these expressions may be regarded in the same light as 
specific gravity (i.e.,a pure number). C is related to molecular concentration in 
the same way that density is related to specific gravity. Relations (9) and (9a) 
appear to be valid over a wide range of observed hemoglobin concentrations 
(from about 10.0 Gm. per 100 ml. to 25.0 Gm. per 100 ml.), Dj readings (from 
about 2.5 mm. to 14.0 mm.), and for values of D,; from about 100 mm. to 320 
mm., i.e., for very thick and very thin pinnas. 


RESULTS 


Table I contains the experimental data and the percentage oxygen saturation 
obtained with the oximeter and with the Van Slyke method of analysis in twenty- 
one normal subjects breathing room air. Of these subjects, there were ten 
normal white men, one normal Negro man, and ten normal white women. 
The oximeter readings and the arterial samplings were simultaneous. The © 
values were determined by the Sendroy method.'* 

In Table I] the experimental data and the percentage oxygen values obtained 
in subjects with tetralogy of Fallot, breathing room air, are collected. The 
arterial sampling and the oximeter readings were simultaneous except in Case 8, 
where there was an interval of a few days. It should be pointed out that these 
subjects were children from 3 to 12 vears and one of 10 months of age, most of 


*The arterial oxygen saturation values at room air, given in Table I, were obtained from a calibra- 
tion diagram similar to that shown in Fig. 3. The exact slope of this diagram in the region of 95 to 
100 per cent oxygen saturation was obtained in the following way: the values C, Di, and Drx were 
determined in each subject, as well as the oxygen saturation values from simultaneously drawn arterial 
samples by the Van Slyke method of analysis. The average values from the respective readings were 
calculated. These were: C = 14.71 Gm. per 100 c.c., Di = 5.105 mm., and D;x = 169.44 mm. 
The mean value of D,; calculated from relation (9) was equal to 185.71. The slope of the diagram was 
defined by plotting the value calculated from expression (7a), in which the mean values of D;x and Dj 
were introduced, against the mean of oxygen saturation value of 97.83 per cent obtained from the 
Van Slyke method of analysis. 
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whom were crying while the samples were withdrawn. With the rapid move- 
ments of the galvanometer spot, the oximeter records and the rate at which the 
svringe is filled cannot be considered as truly simultaneous. 


I. NorMAL BREATHING Room AIR 


PER CENT OXYGEN 
SATURATION 


SUB D Dit 

NO, JECT (GM./100 ML.) | (MM. (MM.) (MM. CAL- 
CULATED) OXIMETER VAN SLYKI 
1 M 12.21 5.50 168.0 193.0 96.70 98.10 
2 M 15.80 3.00 119.0 119.2 100.00 98.00 
3 M 14.80 3.60 135.6 138.8 99 20 96.90 
} M 14.10 4.75 153.5 176.3 96.75 96.00 
5 M 15.45 ®. 152.0 174.2 96.85 99.10 
6 M 14.14 5.0 168.0 186.5 97.55 96.40 
7 M 13.44 3.0 100.0 113.0 97.15 96.70 

Negro 

& M 14.95 5.60 188.5 212.0 97.20 100.50 
9 M 16.02 b.20 107.5 129.5 95.75 97.20 
10 F 12.20 5.30 200.0 202.0 99 80 96.40 
11 F 12.60 5.75 183.0 204.1 97.35 97.10 
12 F 12.32 6.50 230.0 228.8 100.15 99.70 
13 F 15.28 3.95 134.0 153.0 96.90 97.90 
14 F 12.74 6.50 205.0 230.0 97.05 97.20 
15 F 12.76 6.70 215.0 238.0 97.55 99.30 
16 F 12.45 wy 180.2 186.3 99 00 97.20 
17 F 11.21 7.20 211.5 242.0 96.70 98.10 
18 F 13.14 6.80 01.0 243.0 95.20 99 80 
19 M 15.65 120.0 147.7 95.40 97.00 
20 F 11.84 6.50 215.0 224.0 98.90 96.30 
21 M 14.44 4.50 167.8 170.1 99 10 96.70 
Mean 14.171 5.105 169.44 185.71 97.64 97 83 


*Hemoglobin values were calculated by dividing the capacity (determined by the Sendroy 
method": '**) by the factor 1.36. 
'{D-: was calculated from relation (9), witha S mm., mj; 17.82 


In Fig. 6 the values for the percentage arterial oxygen saturation obtained 
photoelectrically are plotted against those determined from arterial samples 


drawn simultaneously and analyzed by the Van Slyke method. 


Not including the experiments on twenty-one normal subjects breathing 
room air (Table 1), a total of 102 determinations on forty-three subjects are 
shown. From these twenty-nine were normal white, one was a Negro, and thir- 
teen were patients with tetralogy of Fallot. The age of the subjects ranged 
from 3 to 20 years. The values plotted in this graph were obtained in two ways: 
(A) The first way was with presetting the instrument to 100 per cent oxygen 
in normal subjects. The symbols o and x refer to results with oximeter 1. The 
e refers to the single Negro subject with the instrument preset to 97.6 per cent 
(room air). The results marked with a triangle were obtained with oximeter I 
in which earpiece and galvanometer were different from those incorporated in 


oximeter I. (B) The second way was without presetting the instrument. 
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Determinations of the absolute value of arterial oxygen saturation in patients 


with tetralogy of Fallot are shown by solid squares.* 


PABLE II. With TeETRALOGY OF FALLOT BREATHING ROOM AIR 


PER CENT OXYGEN 
SATURATION 


HEMOGLOBIN D; i= 
(GM./100 ML.) (MM. ) (MM.) (MM. CAL- 
CULATED) OXIMETER VAN SLYKE 
5.0 148.0 162.8 92.8 91.5 
2x 18.3 2 124.1 150.3 84.3 86.9 
3% 17.8 4.1 101.0 136.5 76.7 73.0 
fa x 14.7 5.0 120.8 154.3 77.6 68.6 
th x 14.7 4.9 118.0 151.3 77.8 75.0 
5 16.7 a 101.5 133.7 yb 71.0 
eo x 18.1 5.8 158.0 191.0 86.3 88.0 
7 o 20.8 6.0 174.0 252.8 69.5 70.0 
8 Oo 20.9 3.7 104.5 159.2 68.8 71.9 
9 oO 15.9 6.0 188.0 231.0 87.0 91.0 
10 0 24.8 Ete 90.5 128.0 74.0 75.9 
ll o 15.5 8.4 129.0 264.0 29.6 26.9 
12 o ee 4.5 94.8 179.0 47.2 46.0 
13 0 23.9 5.8 151.5 251.0 60.0 59.0 
Mean 77.44 76.51 
Marked with x, obtained with oximeter | a S.0 mm 
IS.13 
Marked with o, obtained with oximeter Il a S.0 mm 
m 17.82 


The photoelectrically determined values of arterial oxygen saturation of 
twenty-one normal subjects when breathing room air ranged from 95.20 to 100.20 
percent. The range of values from simultaneously drawn arterial samples by the 
Van Slvke method of analysis was 96.3 to 100.5 per cent. The average arterial 
oxygen saturation determined photoelectrically was 97.64 per cent and 97.83 
per cent by the Van Slyke method of analysis. 


Approximately 94 per cent of all the determinations at levels between 40 
and 100 per cent arterial oxygen saturation showed a difference between the 
photoelectrically determined values and those obtained by the Van Slyke method 
within less than + 5 per cent, and 75 per cent were within + 3 per cent. The 
standard deviation of the differences between 123 simultaneous photoelectric 
and Van Slyke determinations of arterial oxygen saturation was 3.1 per cent 
saturation, and it appears to be unaffected by the degree of unsaturation (see 


lig. 6). 


*It is of interest to report that the oximeter indicated an arterial oxygen saturation of 70 per cent 
in a 10-month-old child with tetralogy of Fallot, premedicated with scopolamine, while breathing room 
air and resting quietly. In the same child, while it was crying vigorously, the oximeter reading was 
29.6 per cent, and the value found by the Van Slyke analysis on simultaneous drawn sample was 26.9 
per cent arterial oxygen saturation. The oximeter reading was found by extrapolation from the cali- 
bration diagram with the assumption that the straight line relationship exhibited by this diagram below 
94 per cent extends into this region. 
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The maximum observed discrepancy between the two methods was 11 per 
cent in a normal subject. It was observed that when differences occur which 
exceed 5 per cent, they appear to be systematic in the same person. Nearly all 
of these errors were found in four subjects out of the total of forty-three examined 
at low levels of oxygen saturation. As in their cases the oximeter readings of 
arterial oxygen saturation were too high with respect to the Van Slyke values, it 
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Fig. 6.—-Comparative diagram. The arterial oxygen saturation values obtained photoelectrically 
are plotted against those determined from arterial samples drawn simultaneously and analyzed by the 
Van Slyke method 
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may be that the flushing of the pinna by heat was not adequate in these subjects. 
Unfortunately, subsequent determinations could not be performed in these same 
subjects, and so this point remains unsettled. 


DISCUSSION 


The accuracy of the instrument described in this paper, when used with a 
standard Millikan type of earpiece, appears to be adequate for clinical deter- 
minations of the percentage of arterial oxygen saturation. 

Calibration diagrams were constructed for two different instruments in 
which two different earpieces and galvanometers of different sensitivity (0.97 
vA and 0.86 uA full-scale sensitivity) were used. The slopes of the empirically 
obtained diagrams were slightly different. The difference in the values from the 
calibration diagrams increases as the oxygen saturation decreases and reaches 
about 7 per cent when the arterial oxygen saturation is 40 per cent. However, 
the relative accuracy of the determinations in these two oximeters was approxi- 
mately the same. These calibration diagrams exhibit a linear relationship be- 
tween expression (7a) and the percentage of arterial oxygen saturation. Ex- 
periments show that this linear relationship is valid in the range of 40 to about 
94 per cent arterial oxygen saturation. Unfortunately, only one sample was 
obtained with an oxygen content much lower than 40 per cent (26.9 per cent 
Van Slyke); thus, the question of the linearity exhibited by the calibration curves 
extending into the region of very low levels of arterial oxygen saturation cannot 
be answered. There is, however, good reason to believe that this may be so and 
that this oximeter will operate satisfactorily at these levels. The assumption 
that the logarithm of the ratio of light absorptions in both spectral regions due to 
the tissue proper is practically constant for an individual oximeter appears to be 
substantiated by the results obtained in normal white subjects and is unaffected 
by sex or age. From several observations it appears that this assumption will 
also hold for white subjects with arterial oxygen unsaturation and polycythemia. 
However, further experimental evidence is necessary to establish the accuracy 
of this oximeter in subjects with deeply pigmented skin. 

The accuracy of this instrument is partly due to the fact that changes in the 
galvanometer deflection of 2 to 4 mm. were obtained with the red-filtered photo- 
cell for 1 per cent change in the arterial oxygen saturation at levels from 95 to 
100 per cent and 1 to 1.5 mm. for 1 per cent below 95 per cent. Furthermore, 
the accuracy of the readings is due to the circuit arrangement which will permit 
cancellation of the errors caused by slight inaccuracy in the setting of the controls 
for the photocells and light bulb. It should be pointed out that the calibration 
diagrams were constructed and the instrument constants calculated with the 
assumption of constancy in the circuit parameters concerned. However, the out- 
put of the photocells, even if the controls were precisely set, would differ slightly 
for different subjects because of the variations in the internal resistances of the 
photocells under operating conditions. Thus, the galvanometer sensitivity 
cannot be considered as invariable for all subjects, and, therefore, the accuracy 
of the determinations will be increased by considering the sensitivity of the gal- 
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vanometer under actual operating conditions for each individual. This in- 
formation is readily obtained by ascertaining the deflection in millimeters on the 
galvanometer scale per dial division. 

A disadvantage of the instrument in its present form is that the light source, 
operating at a reduced voltage of 5.0 V, produces a relatively small galvanometer 
deflection with the infrared-filtered photocell, so that extreme care is necessary 
in the estimation of this value. 

Further disadvantages arise from the use of the Millikan earpiece itself: 
(1) It is too large for many pinnas; (2) in continuous observations of long 
duration there is a danger of burning the pinna, and consequently the observa- 


tions must be interrupted frequently. 


Fig. 7.—-Photograph of the improved earpiece Light aperture. 8 mm. in diameter; photocell 
window, 10 by 10 mm.; photocell housing, 17 by 24 mm.; maximum height, 37 mm.; maximum length, 


10 mm.; weight without cable, 28.3 Gm 


The need for a better optical system has always been apparent. A new ear- 
piece (Fig. 7) has been constructed and is now in use. It has improved optical 
characteristics for the infrared-filtered photocell; it is considerably smaller in 
size than the Millikan earpiece; the housing of the light source is so arranged as 
to flush the ear adequately without the hazard of burning it. The preliminary 
trials with this earpiece indicate an increased accuracy. Calibration studies are 
not yet complete. 

SUMMARY 


An oximeter is described which differs in many ways from others now in use. 
The accuracy of this instrument was found to be adequate for the clinical de- 
termination of the arterial oxygen saturation in normal subjects and in those 
with cardiovascular anomalies. Methods of calibration which were developed 
in an attempt to enable one to calibrate this oximeter with only a relatively 


small number of arterial samples are discussed in the theoretical part of this paper. 


| 
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APPENDIX 
Theoretical Considerations 


Let D, denote the deflection of the galvanometer with no absorbent in the light path. 

Let D,’ denote the deflection if one supposes the bloodless ear only is in the light path. 

Let the suffix r refer to the deflection with the red-filtered photocell and the suffix i to that 
of the infrared-filtered photocell. 

Let D, and DP; denote the deflections with the flushed pinna in the red and infrared bands, 
respectively. 

Let that part of the total volume, V, occupied by the oxygenated hemoglobin be denoted 


by Vi and that part of the total volume occupied by the reduced hemoglobin be V2. Then, accord- 
ing to Beer’s relation, the deflection with the red-filtered photocell is: 
d 
+ cr’V2 
D, = Da,’ e V 


where c, and c,’ are coefficients of absorption for oxygenated and reduced hemoglobin, respec- 
tively, and are constants characteristic of the individual oximeter. d, the “thickness of the layer 
of the blood” in the light path, is an individual characteristic dependent on the structure and 
condition of the blood vessels in the pinna. 
Now assume a decrease of volume V; to Vx, then the deflection is: 
d 


y lerVx + Vx)] 


Divide equation (2) by equation (1) to eliminate the quantity Do’: 


- (c-Vi + c,’V2) - fc, Vx +c,’ (Ve+ 
\ 
D, 
V D 
V,— in — 
ce Ce d D, 


Divide both sides of this expression by V: 


Ve Wi 1 Dis 
; ; In 

Let D,; denote the deflection of the galvanometer when the hemoglobin is fully saturated, 
i.c., Vi = V, then: 

V; 1 Des 
In X (.9) 

\ Cr c, d 


the ratio of oxygenated to total hemoglobin. 

Equation (3) shows a linear relationship between X and In of the ratio of the galvanometet 
deflections. Furthermore, it can be seen that the coefficient of this equation is not a characteristic 
of the oximeter alone, but also depends on the condition and structure of the individual pinna 
through the quantity d. 

The deflection with the infrared-filtered photocell is: 


D; = Dei’e ~ 


where c; is the coefficient of absorption of hemoglobin, whether oxygenated or reduced, for the 
infrared radiation. This coefficient is entirely determined by the spectral properties of hemoglobin 
and the optical characteristics of the oximeter. 

From equation (1), when V; = V and V: = 0 (i.e., for fully saturated hemoglobin), it follows: 


| 
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Divide equation (5) by equation (4): 

Dae e 
Di Dai’e 


Solve for d: 
D1 


1 Dj (6) 


Doi’ 


This expression might be simplified by assuming the ratio D to be very nearly a constant for 


all normal pinnas examined with the same oximeter. 


rherefore, let D..’ 
or 
K; 
Doi’ 
1 D; 
d In 
Ci — Cy K 
In Ink (6a) 
Ci — Cr D; 
Substitute expression (6a)into (3): D 
rx 
In Da 
X 
In — Ink 
Di 
Che quantity must be negative, since cj > c, and c,’ > 
C, 
Dx 
Che ratio | must also be negative, since D,; > D,x, and Ink by proper choice of 
In Ink 
D; 


oximeter constants can be made sufficiently small in comparison with In 


In the oximeters herein described, K had a value of about 4. It is possible, however, to make 


this value approximately equal to 1, thereby simplifying expression (7). 


Cj 


lhe quantities _and Ink< are characteristic of the individual oximeter only. If there 


ce 


rl 


is no change in the amount of hemoglobin in the light path during the experiment, D,; and 


can be considered as individual parameters so that D, x is the only remaining variable for changes 
in the oxygen saturation. 

. . Cj Cr . . 
When the quantities ~ and InK are known for a given oximeter, the measurements of 
Cr — Cr 
D,.; and Dj at the beginning of the experiment and of D,x at varying levels of oxygen saturation 
suffice to calculate X from equation (7). 
[. A simple calibration curve may be constructed by plotting the percentage oxygen satura- 
tion of arterial samples obtained in different subjects, determined by the Van Slyke method of 


analysis, against the corresponding values of the ratio: 


-¢ck 
/ 


d n 
Cy 
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) 
Drs log — log Dr 
drt .. (7a) 


log 


Dr 
log = —log K log D,, — log (K-Dj) 


If. A simplification results if the oximeter is calibrated in the following way: 


Rearrange equation (7): 


Ci — C; 
(7b) 


where: 


Ink 


A2O 


24 75 


58 G9 60 64 63 OY 66 66 GF 68 69 F0 


D; 
Fig. 8 Empirical diagram representing the function ck = f (= ). based on data obtained 
rl 


from twenty-four arterial samples drawn in eight subjects. 


If the percentage of oxygen saturation obtained by the Van Slyke method of analysis (ex- 
pressed as a decimal fraction) is substituted for X into the above expression, then the quantity ck 


should, theoretically, be the same for all samples in the same subject. Plotting the individual 


Cr — C,’ 
In ~ In Ink 
D1 1D; 
Ci Cy l 
c; k 
D; 
450 
440 
135 
4/5 
4/0 
Los 
\ 
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Dj 


»,a 
De 


average values of ck obtained in different subjects against the corresponding values of 


D; 
curve, ck = f e ). similar to that of Fig. 8, is obtained. Once this curve is established, the 
rl 


value ck for an unknown subject may readily be found. 


Rewrite equation (7 
X 1 ck In (7c) 
rhe quantity X, expressed as a decimal fraction of oxygen saturation, is obtained by intro- 


D; 
ducing into this expression the value ck, read from the graph ck f € ). 
rl 


III. In the following, certain considerations of limits and the concept of a “reference ear" 
are introduced. The reasons for this are (1) to simplify the use of the oximeter and (2) to 
attempt to make the time-consuming and delicate procedure of calibration of an individual oxim- 
eter less burdensome. It should be pointed out that the numerical values obtained are charac- 
teristic only for the oximeters examined. It is hoped, however, that the method to be described 
will also be applicable to all oximeters built on the same principle. 


If the deviations from linearity exhibited by the calibration curve in Fig. 3 are disregarded, 


Dx 
expression (7c) shows a linear relationship between In I and X._ This is shown in Fig. 9 where 
rl 
X is plotted against In D.. (This graph does not show measured values. ) 
rl 

All lines representing expression (7c) pass through the point X = 1 when In I 1, and the 

rl 


slopes of these lines are determined by the values ck. 

Let it be assumed that all lines representing any normal pinna lie between two lines designated 
by the letters “‘M” and “N.”’ 

It has been observed that, except in two out of sixty-one determinations, the algebraic value 
of ck did not exceed —1. The line with the slope (ck) —1 has been arbitrarily chosen as the 
upper limit and called the “‘maximum density” line 


Che actual slope of the line ‘‘M”’ is determined by the choice of the vertical scale on the semi- 


logarithmic graph paper used and the intercept on the horizontal axis. This intercept of ‘*M”’ is 
given by X = O, Le., (ck) In 1, or In 1, assuming the linear relationship to con- 
) 
rl rl 


tinue into this region. 


In order to obtain a line for the lowest probable “density,” say ““N,”’ an average value for ck 


was determined from experimental data. The line, denoted by “O,” with slope (ck), will be said 
to represent the line of the “reference ear."’ If the slope of ‘‘M”’ is —1, the slope of **N”’ is taken 
to be (ck)x 1 + 2(ck),, assuming that the slope of ‘“‘O”’ is the arithmetic mean between (ck) 


and (ck)y. 


(ck), was determined from experimental data in two different ways: 


(1) By forming the algebraic means: 
Y(ck) 1—X 
(ck). , where ck (see page 843) 
In Drs 


and n is the number of arterial samples. 
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80-4 20 


504 50 


40 -5O -80 
Ln. Dex 


D rx 
Fig. 9..-Diagram illustrating the linear relationship between In and the percentage of arterial 


ri 
oxygen saturation. This diagram does not show measured values, and the experimentally observed 
deviations from linearity near and above 94 per cent oxygen saturation are disregarded. It has been 
“onstructed on the basis of the assumption that practically all oxygen saturation values determined 
photoelectrically with the same oximeter will fall within lines ““M"’ and “‘N." 


vee. 
90 10 
x< 
4 
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It is evident that the accuracy of (ck), determined by this method is greatest when the dis- 
tribution of points between ‘“M” and “N”’ is uniform. 
Numerical values of (ck), and (ck)x have been obtained as follows: 


Oximeter la Oximeter Ib 
(8 subjects, 21 arterial samples) (13 subjects, 49 arterial samples 
(ck) —1.0 (ck) —1.9 
(ck). — 1.32 (ck), -1.281 
(ck)x — 1.64 (ck N -1.562 
(2) By making use of an empirical relationship: The calculations are laborious, but the method 


has the advantage that (ck), can be calculated from a relatively small number of arterial samples, 
and the value obtained is largely independent of the actual distribution of experimental points. 

Let the coefficient ck in equation (7c) be expressed by (ck), + cAk, where cAk denotes the 
difference in the slope of the line ““O”’ and of any other line representing an unknown pinna. There- 
fore, cAk S 1 + (ck),, since 1 + 2(ck), is taken to be the total difference in the slopes of “*M” 
and “N.” 


D 
Now substitute g(D,; — D,x) for cAk, where g ic ) D ). Here the suffix o 
rl o rl 


refers to the deflections with the red- and infrared-filtered photocells, respectively, in the ‘‘ref- 
erence ear.” 
It has been found empirically that values of X calculated from the relation: 


, Ds 
X (ck), + g(Dri In (8) 
check well with the oxvgen saturation values obtained by the Van Slyke method of analysis. This 


agreement was observed to be especially good for low levels of oxygen saturation (near and below 
50 per cent 


Solve equation (8) for (ck),: 


(ck). t (Sa 
lt 


De 


If the oxygen saturation values for X, obtained by the Van Slyke method, are substituted into the 
above expression, the value (ck), should be the same for all samples within the limits of accuracy 
of the determinations. 

In order to calculate (ck), from (8a), it is necessary to assume certain limit values for the 


term g(D,; — D,x). These limits were obtained to a first approximation by letting g(D.; — D,x) 
o{l + (ck)|* where (ck) 
In 
Oximeter la Oximeter Ib 
8 subjects, 21 arterial samples (8 subjects, 23 arterial samples 
(ck). 1.252 (ck). — 1.265 
(ck)x 1.594 (ck)x — 1.530 
Compare these results with those shown above. It is apparent that in the case of oxim- 


eter Ib, with fewer subjects and arterial samples, the value (ck), as calculated by procedure (2) 
is close to that as calculated by procedure (1). The difference is 1.25 per cent. Furthermore, it 
is observed that (ck), is practically identical for both oximeters, the difference being about 1 per 


cent. 


*Graphically, this corresponds to taking the mean of the slopes of line ‘‘M’"’ and the actual line 
found from experiment, the error being approximately the same as before 
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Kefer to page 843: 


With the knowledge of the limit values —1 and {1 + 2(ck),], the asymptotes of the curve 
1); 


(ck) =f D are determined, as shown in Fig. 8. This curve was constructed from experi- 
rl 


mental data obtained from eight subjects. 


Fig. 5 shows the resulting calibration diagram for oximeter I* constructed with values of ck 
taken from Fig. 8. To establish the calibration diagram the following procedure was used: 
! 


(1) For certain value of I the corresponding value of ck was read from Fig. 8. 
rl 


Dis ) 
(2) This value was introduced into equation (7c) for a definite value of (for example, 
rl rl 


0.6 or 0.7 ). 


Dix, . 
(3 rhis procedure was repeated for other values of Dd,’ I being kept the same. 


rl rl 


In order to find X from this graph, calculate for different levels of oxygen saturation and 
rl 


. - . . . . 
read the corresponding value from the line determined for each subject at the beginning of the 
rl 
experiment. With the help of this calibration diagram the determinaticn of the percentage 
oxygen saturation becomes a simple matter, and an appreciable gain in the speed of operation is 


obtained. 
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ELECTROCARDIOGRAPHIC ABNORMALITIES IN 
PATIENTS EXHIBITING ANXIETY 


HEINZ MAGENDANTZ, M.D., AND JOSEPH SHORTSLEEVE, M.D. 


Boston, Mass. 


N THE course of taking routine twelve-lead electrocardiograms (three standard 

leads, six chest leads, and three augmented unipolar extremity leads, always in 
the recumbent position) occasionally RS-T segment and T-wave changes were 
observed in patients without obvious heart disease. When careful examination of 
their cardiovascular system failed to show evidence of any other cardiac disorder, 
it seemed possible that fearfulness on the part of the patient or anxiety incident to 
the procedure of taking the tracing was responsible for these changes. There- 
fore, the electrocardiogram was repeated on the following day after reassurance 
and fifteen minutes of rest. Surprisingly often, this simple expedient led to a re- 
versal of the RS-T and T changes. During the last two years we have observed 
about two to three such patients every month. The electrocardiograms repro- 
duced in Figs. 1 to 3 have been selected from the records of these patients to 
show the observed abnormalities. 

In some tracings the changes were less marked but still definite enough to be 
labeled an abnormal record. Of course, in some cases rest and reassurance did 
not lead to a reversal of the observed changes, and thus the electrocardiogram 
continued to be the sole demonstrable cardiovascular abnormality. Such pa- 
tients were excluded from this report since they continued to be cardiac diagnostic 
problems. 

Clinical information on twenty-two selected cases is presented in Table I. 
It shows that many of them had a discharge diagnosis of anxiety state, neuro- 
circulatory asthenia, or other related psychiatric disorders. Most of them were 
interviewed by a staff psychiatrist whose diagnosis is included in the table. All 
patients had a careful work-up with detailed medical history, complete physical 
examination, urinalysis, complete blood count, Wassermann test, blood sedi- 
mentation rate, chest film, and other special studies as indicated. No patient 
here reported had taken digitalis when the electrocardiogram was made. In 
none of them was any evidence of cardiovascular disease detectable by these 
studies. Some patients suffered from obvious noncardiac ailments, such as cer- 
vicitis, irritable colon, migraine, and other conditions. Some were in the meno- 
pause or a mental depression, disorders that may be related to anxiety states. 
Any patient showing RS-T segment and T-wave changes of the depicted type who 
was thought to have a possible heart disease from any available evidence was 
excluded. 
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DISCUSSION 


The observed changes (see Figs. 1 to 3, showing RS-T segment depression 
and low or diphasic T waves in various leads), although slight, are definite enough 
to make the electrocardiogram abnormal or, at least, a borderline record. The 
question arises naturally: What is the cause of such changes in these persons 
with an apparently normal cardiovascular system? The abnormalities certainly 
are too marked to represent fortuitous daily fluctuations. In direct contrast to 
our observations Blackman and Hamilton,' in a study of serial electrocardiograms 
in young adults, stated: ‘We have utilized the fact that the electrocardiographic 
pattern in a given normal individual remains uniformly constant from day to 
day.” 

How can anxiety produce such changes, provided our impression is correct 
that a period of rest and simple reassurance leads to alleviation of the patients’ 
fear and consequently to a reversal of the electrocardiographic changes? 


Fig. 1 (Case 5).—-RS-T segment and T-wave changes before and after rest and reassurance. 


The influence of fear on the electrocardiogram has been recognized before. 
Mainzer and Krause? recorded normal tracings on the day before a surgical inter- 
vention, of which coming event the patient was not aware. The electrocardio- 
gram was then repeated immediately before the operation when it showed changes 
which disappeared a few moments later after the induction of anesthesia. Loftus, 
Gold, and Diethelm* reported similar electrocardiographic changes in psychiatric 
patients subject to extreme emotional disturbances and noticed the presence of 
anxiety in their cases. Wolff* took electrocardiograms on thirty-five patients 
while they were discussing problems of great personal importance. He found 
significant changes in the electrocardiographic configuration in the majority of 
them. Heyer and co-workers® found a high incidence of electrocardiographic 
aberrations in a series of 200 patients with mental diseases as compared with 200 
normal subjects. Winton and Wallace,® in an electrocardiographic study of 
psychoneurotic patients, wrote: ‘‘Based upon the objective consideration of the 
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electrocardiogram alone without the proper clinical evaluation of the patient's 
cardiovascular status, a diagnosis of heart disease could easily have been made.” 
Scherf and McGavack? observed electrocardiographic changes in women in the 
menopause when anxiety is frequently a factor. Follicular hormones and other 
drugs were observed to reverse the electrocardiographic changes. One wonders 
whether acquaintance on the part of these women with the electrocardiograph 
may have been a factor in this observation. 


Befcre 
Vs Va Vs Ve 


AVR AVL Ave 


t 
Fig. 2 (Case 7).—-RS-T segment and T-wave changes before and after rest and reassurance, 


Significant RS-T segment and T-wave changes occurring in patients with 
neurocirculatory asthenia have been either affirmed or denied by various in- 
vestigations. Graybiel and White’ in 1935 and Master® in 1943 reported signifi- 
cant lability of the RS-T segment in neurocirculatory asthenia. In a more recent 
paper, Cohen, White, and Johnson!’ concluded that there are no electrocardio- 
graphic changes pathognomonic of neurocirculatory asthenia. We agree with 
this experience but wonder what role anxiety, so often a feature in this condition, 
may play in the appearance of significant RS-T and T changes reported from 
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time to time in this disorder. Various hypotheses have been offered to explain 
the mechanism responsible for such observed changes. Diminished blood 
oxygen saturation, positional changes of the heart, alkalosis, especially as related 
to hyperventilation and hormonal imbalance, have been incriminated. Thomp- 
son,'' in a paper on the electrocardiogram in the hyperventilation syndrome, 
wondered whether the observed abnormalities are partially the result of alkalosis 
and stated that RS-T and T alterations were never observed in the absence of 


Fig. 3 (Case 8). —RS-T segment and T-wave changes before and after rest and reassurance 


appreciable increase in heart rate. Scherf and Schlachman,” studying the elec- 
trocardiogram during hyperventilation, found no parallelism between the degree 
of alkalosis and the changes in the electrocardiogram. In most of our patients 
reported in this paper, hyperventilation did not seem to be a conspicuous factor as 
observed clinically. Heightened sympathetic or vagal “‘tone’’ has been stressed 
by Wendkos and Logue™ as the chief cause for T-wave changes in neurocircu- 
latory asthenia. They ‘supported this hypothesis by demonstrating the absence 
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of such changes following the administration of ergotamine tartrate or atropine 
sulfate which blocked the respective preponderance of adrenergic and cholinergic 
impulses. 

One must conclude that at this time the exact mechanism responsible for the 
electrocardiographic changes in anxiety and related functional disorder is not 
known. That a rapid heart rate as such is not the cause can be seen in Table I. 
Since it is well known that tachycardia per se is often accompanied by RS-T and 
T changes, we excluded all patients with a heart rate of over 100 per minute. 
Furthermore, in our cases the electrocardiographic changes frequently disap- 
peared under rest and reassurance despite an unchanged heart rate. There was 
no correlation between the observed T-wave changes and exercise or time of day 
or state of filling of the stomach, as observed by Littman" in some cases in his 
study of abnormal electrocardiograms in the absence of demonstrable heart 
disease. 

We are not offering a new conclusive explanation for the observed changes. 
The cause may be quite complex, but autonomic imbalance would seem to be a 
plausible theory. It seemed worthwhile, however, to emphasize the relative 
frequency and magnitude of the abnormal electrocardiographic findings. 

It is well known that coronary insufficiency may cause RS-T segment and 
T-wave changes. Since coronary sclerosis is so common, the tendency has been 
to ascribe minor electrocardiographic abnormalities to coronary artery disease, 
especially when the patient falls into the coronary age group. It has been our 
impression that the error is not uncommonly made of attributing minor electro- 
cardiographic changes to organic heart disease, and implicitly coronary sclerosis, 
even though there is no other evidence for this disease. Certainly, when such 
RS-T and T changes occur in young people with no demonstrable cardiovascular 
disease but in the presence of marked anxiety, the possibility of serious heart 
disease should be minimized lest an already anxious person develop full-blown 
iatrogenic symptoms of heart disease. In the older patients, however, one must 
be cautious in the exclusion of asymptomatic coronary sclerosis as a causative 
factor. 

The practical implications of our observations would seem to be rather 
significant when it is realized that in two years, in a relatively small hospital, so 
many patients with these changes were seen. These persons might have been 
suspected of having some type of myocardial damage of obscure etiology before 
the easy reversibility of these abnormal findings was discovered. 

It is not suggested that all slight RS-T and T changes be cast off lightly, but 
rather that the interpreter be cautious in his conclusions. We recommend in all 


such cases that the electrocardiogram be repeated after reassurance and fifteen 
minutes of rest. If the changes are thereby reversed, anxiety should be sus- 
pected, and further clinical studies in that direction are in order. We feel strongly 
that the final evaluation of an electrocardiogram should always depend upon in- 
tegration of the whole clinical picture. We would suggest that the interpreter of 
electrocardiographic tracings not overstep his limitations by diagnosing unequi- 
vocal heart disease where the sole evidence lies in one technical procedure. 
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SUMMARY 


In some patients with traits of anxiety the electrocardiogram may show RS-T 
segment deviations and low or diphasic T waves in various leads. Reassurance 
of the patient and fifteen minutes of rest before repetition of the test the next day 
are often followed by a complete reversal of such changes. 

This fact suggests that anxiety, through some poorly understood mechanism, 
may be a potent factor in the production of such abnormal tracings. 

The interpreter, therefore, should be careful to avoid making a diagnosis of 
heart disease on the sole evidence of such electrocardiographic abnormalities. 
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THE FRONTAL PLANE VENTRICULAR GRADIENT IN: INDUCED 
HUMAN RIGHT BUNDLE BRANCH BLOCK 


NOBLE O. FowLer, JR., M.D.,* AND RicHarp N. Westcott, M.D.** 


CINCINNATI, OHIO 


ILSON and associates! have stated that the mean electrical axis of QRST 

(ventricular gradient) is not materially influenced by the course of the ex- 
citatory process over the ventricular muscle. We have recently reported seven 
cases of complete right bundle branch block (RBBB) which occurred as compli- 
cations of 110 catheterizations of the right side of the heart in 106 human sub- 
jects.2. The induced bundle branch block had a maximum duration of twelve 
hours, permitting electrocardiographic studies before, during, and after the 
mechanism disturbance. We decided to test Wilson's concept in these subjects. 
In addition, if the ventricular gradient were to remain approximately the same 
during induced bundle branch block, this would indicate that the gradient would 
be of value in assessing the degree of myocardial change in the presence of bundle 
branch block. 

MATERIAL 


In six of the above-mentioned cases of induced right bundle branch block the 
electrocardiograms were considered suitable for determination of the ventricular 
gradient. The other was unsuitable because of incompleteness, excessive wan- 
dering of the base line, and marked electrical interference. Three of the six 
subjects used in this study had normal electrocardiograms; the other three showed 
nonspecific T-wave abnormalities, but no evidence of myocardial infarction or 
bundle branch block. 

METHOD 


Electrocardiograms were made with the Sanborn Viso-Cardiette immediately 
prior to cardiac catheterization, immediately after the development of right 
bundle branch block, and upon recovery. The frontal plane projection of the 
ventricular gradient(G) was measured by the method of Wilson' and Ashman 
and Byer.’ G was calculated from Leads | and III and, to determine the range 
of error, from Leads I and II. The frontal plane projection of the anatomic 
axis (H) was estimated by the method of Gardberg and Ashman.‘ The cor- 
relation between electrocardiographic and anatomic axes of the heart has been 
shown previously.° 
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RESULTS 
The results are shown in Table |. The criteria of a normal ventricular 
gradient are as follows**®*: magnitude 2.5 to 23 units (1 unit 4 microvolt 


seconds) ; direction 0 to 90 degrees; position within 20 degrees of H; position not 
more than 24 degrees to the right nor 35 degrees to the left of the frontal plane 
projection of the mean QRS axis (AQRS). 

In patient O. B., the original ventricular gradient was normal in magnitude, 
direction, and relation to the H and AQRS vectors (Table 1). During right 
bundle branch block the gradient became smaller and rotated slightly to the left. 
The gradient remained normal in magnitude, direction, and relation to the H 
axis. In the presence of bundle branch block, the gradient may deviate con- 
siderably from the AQRS axis without being abnormal.’ 

In patient F. M. B., the original ventricular gradient was normal in mag- 
nitude, direction, and relationship to H and AQRS (Table 1). During induced 
right bundle branch block, the gradient was smaller in magnitude, but showed no 
significant change in direction. There was very little change in AQRS during 
right bundle branch block in this patient, indicating that the principal changes 
induced were probably reflected in a plane other than the frontal plane. 

In patient C. H., the original frontal plane ventricular gradient was normal 
in magnitude, direction, and in relation to H and AQORS (Table 1). During right 
bundle branch block, the gradient became appreciably smaller, but remained 
small after recovery. The tachycardia present during right bundle branch 
block and recovery would account for at least part of this decrease in magnitude.‘ 
It is doubtful that a significant change in magnitude or direction of the gradient 


5 


occurred in this subject. 

In patient A. B., suffering from hypertensive cardiovascular disease, the 
original ventricular gradient was normal in magnitude and direction and relation 
to AQRS, but was abnormally far to the left in relationship to H (Table 1). 
During right bundle branch block, the gradient became somewhat smaller; part, 
but probably not all, of this diminution in size is due to tachycardia. Further 
reduction in size of G upon recovery indicated that right bundle branch block 
could not be the cause of the change in magnitude. There was no significant 
change in direction of G during right bundle branch block. The gradient re- 
mained abnormal in relation to H during right bundle branch block, but became 
normal in relation to H upon recovery. This fact plus the continued reduction 
in size of G upon recovery indicated the action of some extraneous factor, although 
the determination of G upon recovery was not entirely satisfactory because of 
considerable respiratory variation in the size of the QRS complexes. 

In patient R. E., suffering from arteriosclerotic heart disease and receiving 
digitalis, the original ventricular gradient was abnormally small and abnormally 
far to the left from H, as well as being in an abnormal sextant (Table 1). The 
small size of the original gradient was probably due to digitalis.’ During right 
bundle branch block, the gradient rotated far to the left, but did not become 
definitely smaller. When AQRS is less than 4 units, as in this case, errors in 
determining G are large,> as may be seen by comparing the results of Leads | and 
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Il and Leads | and III, and the observed change in direction may not be sig- 
nificant. G remained in an abnormal sextant, abnormally small, and abnormal 
in relation to H during right bundle branch block. 

In patient F. T., the original ventricular gradient was abnormally far to the 
left as compared to H and was borderline in sextant location. During right 
bundle branch block, G was larger and rotated slightly to the left. The persist- 
ence of this change in G during recovery indicates that the change in G was not 
due to the induced right bundle branch block. G remained abnormal in relation 
to Ht during induced right bundle branch block and also became definitely ab- 
normal in sextant location. 

DISCUSSION 

In two of the three subjects originally having normal electrocardiograms 
and normal G, there was a definite reduction in magnitude of G during induced 
right bundle branch block. In O. B., the average G was 19.2 units before right 
bundle branch block, 14.8 units during right bundle branch block, and 17.8 units 
upon recovery. In F. &!. B., the average magnitude of G was 11.3 units orig- 
inally, 8.1 units during induced right bundle branch block, and 13.7 units upon 
recovery. In C. H. there was a reduction in G during induced right bundle 
branch block; however, this diminution was maintained upon recovery and must 
be attributed to factors other than the right bundle branch block. Among the 
three abnormal subjects, A. B., R. E., and F. T., no definite reduction in G 
could be attributed to the induced bundle branch block. 

The reduction in magnitude of G in two normal subjects during induced 
right bundle branch block is of interest. Ashman? has observed that G is smaller 
in clinically normal persons with right bundle branch block than in other normal 
people. The explanation of this finding is not clear, but the observation seems 
to conflict with Wilson's conclusion! that the gradient is not affected by the 
course of the excitatory process over the ventricular muscle. Ashman® has 
postulated that the later contracting right ventricle may displace the emptier 
left ventricle posteriorly during right bundle branch block, thus changing the 
electromotive force registered by the limb lead electrocardiogram. 

In three cases when the gradient was normal originally, it remained normal 
in all respects during induced right bundle branch block. 

In the three cases where G was abnormal originally, it remained abnormal 
during induced right bundle branch block. Pantridge!® found correlation be- 
tween the degree of myocardial disease and abnormality of the frontal plane 
gradient in the presence of left bundle branch block. Wilson and co-workers'! 
found that the gradient remained essentially unchanged in magnitude and di- 
rection in a case of transient right bundle branch block. The failure of our 
gradients to check as closely as those of Wilson may be explained in part by the 
time lapse between records in our cases, thus allowing the gradient to become in- 
fluenced by such variables as tachycardia and temporal relation to meals. 

The fact that G remained normal during induced right bundle branch block 
when normal originally and remained abnormal when originally abnormal sup- 
ports the concept that the ventricular gradient is of value in assessing the degree of 


myocardial change in the presence of bundle branch block. 
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SUMMARY 


In six cases of induced human right bundle branch block, the determination 
of the frontal plane ventricular gradient (G) was made before, during, and after 
the bundle branch block. In two of three cases with an originally normal G, 
G became smaller during induced right bundle branch block. In the three cases 
with normal G, G remained normal during right bundle branch block. In the 
three cases with abnormal G, G remained abnormal during right bundle branch 
block. The results support the concept that the determination of G may be of 
value in assessing the degree of myocardial change in the presence of bundle 
branch block. 
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TROMEXAN IN THE TREATMENT OF CORONARY THROMBOSIS 


Joun A. Tuttocu, M.D., M.R.C.P.(Eb.), AND A. RAE 
Gitcurist, M.D., F.R.C.P. 


I-DINBURGH, SCOTLAND 


heen employment of anticoagulants in the first few weeks after an acute cor- 
onary thrombosis marks a distinct advance in treatment. The pioneer work 
of Wright,'®’? Nichol and Page,'® and Peters and associates,'! culminating in the 
study of 800 patients observed by sixteen hospital groups throughout the United 
States, indicated that with the use of Dicumarol alone or Dicumarol combined 
with heparin during the first few days of treatment the death rate was reduced 
from 24 per cent among the control patients to 15 per cent among the treated. 
Similarly, thromboembolic complications fell from 25 per cent to 11 per cent.'® 
Further proof of the value of these remedies is provided by a consideration of 
additional series of treated patients presented side by side with adequate controls. 
The results so obtained among 1,800 patients have been incorporated in Tables | 
and II, from which it is evident that with adequately regulated anticoagulant 
therapy the likelihood of survival after an acute infarct has been appreciably en- 
hanced. On the average the death rate has been reduced from 30.6 to 16.2 per 
cent. An even more striking fall (21.8 to 9.0 per cent) has been observed in the 
incidence of thromboembolic complications. 

The anticoagulant drugs at present in use have their shortcomings, and, 
though heparin, being almost devoid of risk, is perhaps the ideal remedy, its re- 
peated parenteral use is irksome to the patient, a burden to the medical staff, and 
a drain on hospital finances, particularly when therapy must be maintained for 
four to six weeks. If asatisfactory effect on clotting time is to be maintained, six 
hours is probably the maximum interval permitted between intravenous doses, 
though intramuscular injections of concentrated solutions of heparin are usually 
effective in maintaining an adequate prolongation of clotting time when eight- 
hour intervals are employed. To avoid local hematoma formation and the con- 
sequent risk of an accumulation of heparin exerting an unduly prolonged or in- 
tense effect, the site of the intramuscular injections must be constantly varied. 
In our experience heparin incorporated in Pitkin’s medium is much too painful 
for routine use. Although other preparations of heparin designed to retard its 
absorption and thus limit its administration to a daily dose are coming into use," 
we have not employed them in the prolonged therapy of coronary thrombosis. 

Tromexan, a cumarin derivative synthesized by von Reinis and Kubik® in 
1948, has been subjected to careful experimental’ and clinical* tests in thrombo- 
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embolic disease. For the most part, Burke and Wright! have confirmed the ear- 
lier observation. These latter authors emphasized the faster absorption of the 
drug, the maximum effect on prothrombin time being attained about thirty hours 
after a single oral dose. The effect wears off in forty-eight to sixty hours. In 
man satisfactory maintenance of a therapeutic level of hypoprothrombinemia can 
be achieved by a total daily quantity of 300 to 2,400 mg., administered in two or 
three divided doses, the patient’s actual requirements being determined by 
daily prothrombin tests. Burke and Wright used Tromexan in the treatment of 
112 patients suffering from various forms of thromboembolic disease, of whom 
forty-eight had sustained acute myocardial infarcts. Their patients responded 
satisfactorily to the drug. 

TaBLe [. BaAsep oN A Stupy or 1,833 CASES OF ACUTE MYOCARDIAL INFARCTION, INDICATING 


A REDUCTION OF ONE-HALF IN THE IMMEDIATE MORTALITY RATE BROUGHT ABOUT BY 
rHE USE OF THE ANTICOAGULANTS, HEPARIN AND DICUMAROL 


ANTICOAGULANT CASES CONTROL CASES 
AUTHOR 
TOTAL DEATHS TOTAL DEATHS 

Peters and associates (1946)! 50 2 60 13 
Griesman and Marcus (1948)5 75 7 100 35 
Gluek and co-workers (1948 )* 44 9 44 20 
Wright and co-workers (1948)!5 432 65 368 88 
Hilton and associates (1949) 38 5 38 9 
Tulloch and Gilchrist (1950)" 70 16 84 34 
Holten (1950)* 174 39 256 9? 
lotal 883 143 950 291 
Mortality rate 16.29% 30.6% 


PaswLe Il. SHOWING THE INCIDENCE OF THROMBOEMBOLIC COMPLICATIONS OBSERVED IN THE 
Cases INCLUDED IN TABLE I. (DICUMAROL WITH OR WITHOUT HEPARIN IS RESPONSIBLE 
FOR A REDUCTION IN THE THROMBOEMBOLIC RATE FROM 21.8 TO 9 PER CENT.) 


ANTICOAGULANT CASES CONTROL CASES 

AUTHOR NO. WITH NO. WITH 

rHROMBO- THROMBO- 

rOTAL EMBOLIC rOTAI EMBOLIC 

EPISODES EPISODES 
Peters and associates (1946)" 50 1 60 10 
Griesman and Marcus (1948)° 75 3 100 21 
Gluek and co-workers (1948)* 44 3 44 12 
Wright and co-workers (1948 432 48 368 92 
Hilton and associates (1949)® s 7 38 12 
Tulloch and Gilchrist ( 1950)" 70 9 84 24 
Holten (1950)? 174 7 256 36 
Total 883 78 950 207 


Incidence 
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On account of its larger dosage, prompter response, greater ease in regula- 
tion, and shorter duration of activity, we decided to extend our experience of 
anticoagulants by employing Tromexan in the treatment of coronary thrombosis. 
Qur aim has been to determine whether in acute myocardial infarction Tromexan 
is an efficient substitute for Dicumarol and whether the laborious laboratory con- 
trol of its administration is justified by the results obtained. 


METHODS 


During the past year a consecutive series of eighty-seven patients (sixty- 
seven male and twenty female), admitted to the hospital on account of acute 
myocardial infarction, has been treated with Tromexan. Diagnosis was based 
on the history and the usual physical signs, with laboratory evidence of tissue 
destruction (raised white cell counts and sedimentation rates and positive electro- 
cardiograms). Patients about whom a doubt existed regarding the presence of a 
recent acute coronary thrombosis have not been included in the series under re- 
view. On the grounds that insufficient time had elapsed to permit any thera- 
peutic benefit, those patients dying within six hours of their admission to the 
hospital have been excluded from the analysis of our results. 

The routine treatment for all cases consisted in bed rest for five to six weeks, 
morphine at the outset for relief of distress, subsequent sedation with small doses 
of phenobarbitone, a low calorie diet, graduated exercises from the fourth week, 
and symptomatic measures for such complications as arose. ‘Tromexan was 
used alone in eleven patients. It was combined with heparin according to a 
definite scheme in seventy-six patients. 

Heparin was given at six-hour intervals in a dose of 10,000 units (77 mg.) by 
interrupted intravenous injection during the day and by intramuscular injection 
during the night, usually for the first thirty-six to forty-eight hours, depending 
upon the reduction in prothrombin time produced by the simultaneous action of 
Tromexan. This latter drug was commenced on admission to the ward, the total 
quantity on the first day of treatment being 1,200 mg. The heparin injections 
were discontinued when the morning prothrombin time was thirty-five seconds or 
more with a corresponding control time of sixteen to eighteen seconds. ‘There- 
after, Tromexan was employed up to the twenty-eighth day after the onset of the 
acute episode or for twenty-one days after the last thromboembolic complication, 
whichever was the longer. 

The day-to-day regulation of the Tromexan dosage occasionally presents 
minor difficulties. The aim is to maintain the patient's prothrombin time at 
two to two and one-half times the control reading for that day in the laboratory, 
a method originally recommended by Nichol® and uniformly endorsed by sub- 
sequent workers. Prothrombin estimations were made daily about 9 A.M., an 
hour after a light breakfast, by the Quick" method, using rabbit brain as the 
source of thromboplastin. In our laboratory control prothrombin times range 
between sixteen and eighteen seconds by this method. 

The response of the prothrombin time to the initial dose of Tromexan and to 
the 900 mg. commonly given on the second day having been observed, the Trom- 


exan requirement of each patient may be roughly assessed and subsequent doses 
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regulated with fair accuracy. The appropriate quantity for each day's treatment 
is decided from the reading of the patient’s prothrombin time determined on that 
particular morning. Our custom has been to administer the drug in equal doses 
in the early afternoon and late evening, a slightly more even effect on the blood 
prothrombin level throughout the twenty-four hours thus being attained. 
While the quantity of Tromexan required to produce a given effect on the 
prothrombin time forms the guide to further doses, yet individual requirements 
vary considerably, and the response to the drug may fluctuate through a wide 
range from day to day in the same patient. The regulation of the dose may 
therefore present difficulties, but, as a general rule, a maintenance dose of 1! 5 to 
2! tablets (450 to 750 mg.) is about the average daily quantity required to hold 
the morning prothrombin time within the therapeutic range. An example ot 
satisfactory control is shown in Fig. 1. On only one occasion, the twelfth day, 
did the prothrombin time fall significantly below the desired level. In this patient 
the daily dose was reasonably steady throughout twenty-eight davs of treatment. 


PATIENT AR 
DIAGNOSIS : CORONARY THROMBOSIS 


9 PATIENT 
TWICE CONTROL FIGURE 
HEPARIN JN --- BSR 
80- UNITS / \ 
3 10 ‘a \ 
/ \ / 
/ \ A / 
5 TITT 
$45 6 7 8 9 10 I 12 13 14 15 16 17 18 19 20 21 22 23 24 25 % 27 28 29 30 3! 3233 4 35 
DAYS AFTER ONSET 
Fig. 1 Chart to illustrate the daily prothrombin times in relation to the Tromexan dosage, which 


has been adjusted from day to day with the intention of maintaining the prothrombin time at a value 
slightly greater than twice the control figure In this patient the daily dose was reasonably steady, and 
onty minor fluctuations occurred in the morning prothrombin times 


On the other hand, Fig. 2 illustrates wide fluctuations in the prothrombin 
times. In this patient full doses were required, and the abrupt climbs in the 
chart of the daily prothrombin times suggest a delayed response to the increasing 
doses preceding each rise. Wide fluctuations of this type are to be avoided as in 
our experience complications are more apt to ensue. Hematuria occurred on the 
eighteenth and nineteenth days in the patient in Fig. 2, while the prothrombin 
time was greatly in excess of the therapeutic range. Many factors are known to 
influence the response to the cumarin compounds, particularly the state of ac- 
tivity of the alimentary tract. We have thought that, as a general rule, the pro- 
thrombin time tends to be more uniform from day to day when the tablets are 
broken up and taken by mouth in the form of a powder. 
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Recurrence of a myocardial infarct despite apparently adequate Tromexan 
dosage is depicted in Fig. 3. In this patient a second myocardial infarct was 
sustained on the seventh day with a prothrombin time of seventy-four seconds, 
a figure well outside the therapeutic range. The earlier anticoagulant dosage 
had been excessive and injudicious, a prothrombin time of 140 seconds being ob- 
served on the fourth day without signs of hemorrhage. It is probable that abrupt 
fluctuations in prothrombin time covering a wide range can be more harmful to 


the patient than a moderately sustained hypoprothrombinemia. 


PATIENT A.H. 
DIAGNOSIS: CORONARY THROMBOSIS COMPLICATIONS : (I) HAEMATURIA 
PATIENT 
TWICE CONTROL FIGURE 
PARIN 
i 
80 410000 
UNITS 
70 
3 
' ' 
; 4 * ¥ 
5 
\ 
4 RBC.IN URINE 
204” 
zis 
54 
| | 
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Chart to illustrate wide fluctuations in the prothrombin time. This patient required a 
The abrupt climbs in the prothrombin times sug- 


Hematuria occurred on the eigh- 


Fig. 2 
higher average daily dose than that shown in Fig. 1. 
gest a delayed response to Tromexan with accumulation thereafter 


teenth and nineteenth days 


RESULTS 


A control series of conservatively treated patients was not observed during 
the period of this investigation. On the basis of our previous experience with 
Dicumarol and a parallel series of conservatively treated patients" observed under 


similar conditions, we have no doubt of the value of anticoagulants in this disease. 

The results of treatment are best assessed by consideration of the mortality 
rates and the incidence of thromboembolic complications. 

1. Mortality Rate.—Among the sixty-seven male patients eleven deaths oc- 
curred, a mortality rate of 16.4 per cent as compared with 15.2 per cent in our 
We regard the mortality of male patients 
During the first ten months of 


earlier experience with Dicumarol." 
after Tromexan therapy as disappointingly high. 


| 
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our observations we had only five deaths among forty-one consecutive males. 
In the succeeding four weeks four further deaths, two of which were sudden and 
unexpected, occurred among nine males admitted during that period. <A se- 
quence of very severe cases, alternating perhaps with milder ones, serves to cor- 
rect hasty impressions and illustrates how observations must be continued over a 
sufficiently long period to include all variations of the disease. 

Among female patients Tromexan, in our hands, gave a mortality rate of 25 
per cent (five deaths in twenty cases) as compared with a Dicumarol death rate 
of 37.5 per cent (nine deaths in twenty-four cases). The number of deaths 
among women was low as compared with our previous control series, but the 
figures obtained are not statistically significant as the total numbers available 
for study are small. 


J.E. MALE. AGE 52. OLD ANTERIOR INFARCT 
RECENT POSTERIOR INFARCT WITH RECURRENCE 


HEPARIN 
{2000 UNITS 
1304 
2 RECURRENCE 
90 
z 
70, 
= PROTHROMBIN TIME 
504 
30° RECURRENCE 
| 
TROMEXAN DOSAGE 
YR 


DAYS AFTER INFARCT 


Fig. 3.—Chart to illustrate the recurrence of a myocardial infarct eight days after the previous attack 
and despite a prothrombin time in excess of the usual requirements. The preceding Tromexan dosage 
was excessive and injudicious. Abrupt fluctuations in prothrombin time over a wide range, as illustrated 
in this chart and in Fig. 2, appear more harmful than a moderately sustained hypoprothrombinemia 


When the sexes are considered together, firmer conclusions can be drawn. 
Tromexan yielded a mortality rate of 18.4 per cent (sixteen deaths in eighty- 
seven cases) and Dicumarol 22.8 per cent (sixteen deaths in seventy cases )." 
This compares with a control mortality of 40.5 per cent (thirty-four deaths in 
eighty-four conservatively treated patients observed concurrently with our 
Dicumarol-treated patients). From these findings it appears that Tromexan in 
our series of patients is as efficient as Dicumarol in reducing the mortality rate in 


| 

| 
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the first six weeks after a coronary thrombosis. By its use the number of deaths 


can be halved. These findings are shown diagrammatically in Fig. 4. 
In the estimation of comparative mortality experience in this disease the im- 
portance of the time elapsing between the onset of the attack and the commence- 


MORTALITY RATES IN A: 1939-46 CONTROL SERIES 
: 1947-49 CONTROL SERIES 
1947-49 DICOUMAROL SERIES 
1950-51 TROMEXAN SERIES 
(MALE AND FEMALE) 
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Fig. 4 Diagram to present our mortality figures in four series of patients stricken with acute cor- 
onary thrombosis. Column A depicts a mortality rate of 43 per cent and column B of 40.5 per cent 
among two separate series of conservatively treated patients Columns Cand D show mortality rates 
of 22.8 per cent and 18.4 per cent for the Dicumarol- and Tromexan-treated patients, respectively 
‘Tromexan is as efficient as Dicumarol in halving the mortality rate among hospital patients after an acute 


infarction 


PERCENTAGE OF ADMISSIONS DURING THE FIRST 
TWO DAYS AFTER THE MYOCARDIAL INFARCT IN 
A:1947-49 CONTROL SERIES 
B:1947-49 DICOUMAROL SERIES 
C:1950-51 TROMEXAN SERIES 


B C 


Fig. 5 Diagram to show how the time elapsing between the onset of the acute attack and the ar 
rival of the patient in the hospital was roughly comparable in the conservatively treated, the Dicuraarol- 
treated, and the Tromexan-treated patients. Of the first group 59 per cent arrived in the hospital within 
forty-eight hours of the onset as compared with 53 per cent of the Tromexan series. 
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ment of hospital treatment is a factor of very great importance. It is generally 
accepted that after a coronary thrombosis the death rate is highest in the first few 
days and, therefore, the longer patients are excluded from the hospital, the lower 
will be the death rate for the series reported, the patients most seriously affected 
dying before admission. In our previously reported series“ we found that ap- 
proximately 33 per cent of our patients with coronary thrombosis were admitted 
to the hospital within twenty-four hours of the onset of the attack. It is this 
factor in particular which we believe accounts for the high death rate in our 
hospital patients. In Fig. 5 our past and present experience are combined. It 
shows that when our three series, control group, Dicumarol-treated, and Tromex- 
an-treated patients, are compared in respect to duration of illness before the in- 
stitution of hospital care, there is little difference between the three, 53 per cent 
of those receiving Tromexan arriving at the hospital within forty-eight hours of 
the attack as compared with 59 per cent of those treated conservatively. The 
same factor probably accounts in part at least for the difference in mortality 
rates recorded by different hospitals in various centers. 

Other factors influence the mortality rates,* but we believe that our three 
groups of Dicumarol-treated, Tromexan-treated, and conservatively treated 
patients are sufficiently homogeneous in respect to sex and age distribution, pre- 
existing state of the heart muscle, and severity of the acute attack to warrant 
comparison. ‘The sex and age distribution of the present series of Tromexan- 
treated patients is presented in Table III]. The male patients ranged from 39 to 


77 vears and the female from 45 to 82 vears of age. 


Paste IIT. SHowinG AGE AND SEX DISTRIBUTION OF 87 PATIENTS WitH CORONARY THROMBOSIS 
PREATED WITH TROMEXAN IN RELATION TO MORTALITY 


MALI FEMALI 
AGE GROUPS 
(YEARS 
POTAI DIED SURVIVED POTAI DIED SURVIVED 

1 1 

10 14 3 3 

45 — 49 5 5 2 2 

50 — 54 15 1 14 1 1 

55 59 9 2 7 3 3 

60 64 17 5 12 3 1 2 

65 69 7 1 6 | 1 3 

70 74 7 2 5 3 3 

75 — 79 3 3 3 3 

80 84 | 
lotal 67 11 56 20 5 15 


2. Thromboembolic Complications.—The incidence of thromboembolic 
complications during Tromexan therapy is satisfactorily reduced. In the present 
series there were no thromboembolic episodes among the twenty women and only 
five such episodes in four of the sixty-seven men treated with Tromexan. This 
gives a 6 per cent rate for the men and a total incidence of 4.6 per cent among the 
group asa whole. When it is compared with the reported over-all incidence of 9 
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per cent (Table 11) under Dicumaro! therapy and with our previous experience™ 
of 13 per cent (nine of our seventy patients previously treated with Dicumarol), 
we regard this figure of 4.6 per cent as good evidence of the efficacy of Tromexan 
as an anticoagulant (see Fig. 6). By its use it ought to be possible in the future 
to reduce these serious complications to one-fourth of their previous incidence. 

The five thromboembolic incidents encountered in this series were two cases 
of a recurrence of coronary thrombosis, two of pulmonary infarction, and one of 
cerebral thrombosis. All occurred between 3 and 10 days of the original infarct. 
The cerebral thrombosis developed overnight in a patient who had been in the 
hospital less than twenty-four hours and who was still receiving heparin; heparin 
had been discontinued in the other patients having complications. The pro- 
thrombin time was adequately prolonged in two cases. In one patient the pro- 
thrombin time was falling and was just twice the control figure on the day of the 
episode (Fig. 7); in the fourth case the prothrombin time had been less than twice 
the control figure for the two days prior to the thrombotic episode. Admittedly, 

INCIDENCE OF THROMBO-EMBOLIC COMPLICATIONS. PLUS THE NUMBER OF DEATHS DUE TO 


SUCH EPISODES IN A:1939-46 CONTROL SERIES; 8: 1947-49 CONTROL SERIES; 
C:1947-49 DICOUMAROL SERIES; 0:19S0-SI TROMEXAN SERIES 
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Fig. 6 Diagram to illustrate our experience with the frequency of thromboembolic episodes and 
the number of deaths from this cause. In the 1939 to 1946 control series (column A) 24 per cent and in 
the 1947 to 1949 control series (column B) 28.6 per cent of the patients experienced this complication. 
Dicumarol restricted thromboembolic episodes to 13 per cent (column C) and Tromexan to 4.6 per cent 
(column D). None of the four Tromexan-treated patients experiencing these episodes died, whereas 
among the controls (columns A and B) death in five and eleven patients, respectively, was directly at- 
tributable to the thromboembolic complication. Efficient anticoagulant therapy is therefore capable of 
reducing the frequency of thromboembolic incidents from approximately one in four in the control groups 
to less than one in twenty among the Tromexan-treated patients Deaths from this cause can be abol 
ished during the early weeks of treatment. 


a few patients experienced no upset while their prothrombin times were, for a few 
days, at a level less than the minimum of the usually accepted therapeutic range. 
Nevertheless, we consider that to be reasonably certain of preventing thrombo- 
embolic phenomena the prothrombin time should be maintained at a little in ex- 


cess of twice the control figure. 

3. Complications Other Than Thromboembolic Phenomena.— The other com- 
plications of significance observed during the patients’ stay in the hospital were 
the development of heart failure and the occurrence of arrhythmias. Heart 
failure of varying severity developed in twenty-one patients, an incidence of 24 
per cent. Eight deaths were directly due to this cause. Four other patients, 
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showing evidence of mild heart failure, died from other causes. Arrhythmias in- 
terrupted convalescence in six patients, two of whom died. Five of these patients 
developed paroxysms of auricular fibrillation, and one had clinical evidence of 
complete heart block, but died before electrocardiographic confirmation could be 
obtained. Chest pain related to temporary myocardial ischemia was experienced 
by six patients and was precipitated by exertion in bed, excitement, or emotional 
upset. All six survived. 

Thirteen patients (15 per cent) showed hemorrhagic complications, but in 
eight the bleeding was slight, consisting of mild epistaxis, the development of a 
positive stool benzidine reaction, or the appearance of microscopic hematuria. 
Only one patient developed gross hematuria, and this cleared rapidly (Fig. 2). 
The bleeding site varied in the four remaining severe cases, melena, hematemesis, 
epistaxis, and a pontine hemorrhage each occurring once. 


PATIENT _D. MSL. 
DIAGNOSIS:(I) COARCTATION OF AORTA COMPLICATIONS: (I) RECURRENCE OF 
(2)AORTIC INCOMPETENCE CORONARY 
(3)ANTERIOR MYOCARDIAL INFARCT (2)PULMONARY INFARCT 
PARIN 
g 604 10,000 
z= 504 
z 404 
= 
30} 
204 CORONARY INFARCT 
THROMBOSIS 
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Fig. 7 Chart to illustrate the occurrence of a second myocardial infarct in association with a 
theoretically adequate, but falling, prothrombin time. A further thromboembolic episode occurred 
three days later. The patient made a good recovery. Note the small doses of Tromexan employed 
and the inconstancy of the prothrombin times. 


In all but one case, that of the pontine hemorrhage, the prothrombin reduc- 
tion was probably responsible for the bleeding. ‘This high incidence of bleeding 
compares unfavorably with American experience, only 7 per cent of the cases in 
Wright's large series'’ showing bleeding complications directly attributable to 
the Dicumarol therapy. Comparison with our own experience of Dicumarol is 
not valid, as previously we used snake venom in carrying out the prothrombin 
estimations, a method now discarded. Three of the patients experiencing severe 
bleeding were in congestive heart failure, and at autopsy one was shown to have 
early cirrhosis of the liver. Treatment of the bleeding consisted in temporary 
interruption of the Tromexan dosage and administration of vitamin K (Syn- 
kayvite), 50 mg. intravenously. One patient received an additional 100 mg. of 
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vitamin Kk by mouth. Blood transfusion was necessary in only one case, that of 
the epistaxis. Local measures to control the bleeding were also employed in this 
patient. 

THE CAUSES OF DEATH 


Sixteen patients, eleven male and five female, died, but no death could be 
attributed to a thromboembolic complication. Six deaths occurred within three 
days of the onset, four from persistent shock and two from heart failure. The 
remaining deaths took place between the ninth and thirty-second days after the 
onset. Six were due to heart failure, three were sudden and unexpected, and one 
was due to a pontine hemorrhage. One ill patient in congestive heart failure 
developed severe bleeding from an unsuspected peptic ulcer, and this hemorrhagic 
complication undoubtedly hastened his end. 

Our experience in the Dicumarol-treated series has thus been closely repro- 
duced, 50 per cent of the deaths being due to heart failure and a proportion of the 
remainder being sudden and unexpected. Deaths will inevitably continue in the 
first few days after the coronary thrombosis. In the succeeding weeks, heart 
failure will exact its customary toll. Arrhythmias and sudden deaths, too, will 
continue, except in so far as either may be precipitated by a second coronary 
thrombosis. Such are the deaths which may be expected in a series of patients 
with coronary thrombosis who are treated with anticoagulants. 

Our autopsy experience is small, only eight patients being examined post 
mortem. A mural thrombus was found in the left ventricle of one patient who 
commenced treatment with Tromexan five days after sustaining a very extensive 
infarct and who died in congestive heart failure. No patient showed evidence of 
peripheral embolism or thrombosis. 

There remains but one point worthy of comment, namely, that in our ex- 
perience patients treated with Tromexan both look better and feel better from an 
earlier stage in their illness than do the conservatively treated patients. “Tromex- 
an would appear to have beneficial therapeutic effects other than those concerned 


with alteration of the clotting mechanism. 


SUMMARY 


1. Tromexan administered during the first four weeks after a coronary 
thrombosis in a dose sufficient to maintain the prothrombin time at a figure two 
to two and one-half times the normal value is an efficient substitute for Dicumarol. 

2. By its use the mortality rate during the first six weeks was halved, 
falling from the 40.5 per cent observed in our previous control series to the 18.4 
per cent of the present Tromexan-treated series. This compares favorably with 
the 22.8 per cent mortality among our previous Dicumarol-treated group. 

3. The relatively high mortality rates among our patients are largely at- 
tributable to the high proportion (nearly 60 per cent) admitted to the hospital 
within forty-eight hours of the development of the myocardial infarct. Death is 
most common in the early days after the attack, and therefore the shorter the 
delay in securing hospital accommodation, the heavier the mortality rate for the 


hospital series. 
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4. Thromboembolic complications are uncommon under Tromexan therapy. 
The drug is capable of reducing the incidence of this type of complication from 
approximately one in every four patients in the control groups to less than one in 
twenty among the Tromexan-treated patients. Deaths from this cause can be 
abolished. 

5. Heart failure and sudden death now account for the major proportion of 
the fatalities. 

6. Tromexan is a safer drug than Dicumarol; its shorter action and larger 
daily dose allow more ready regulation of the anticoagulant therapy. The risks 
of prolonged overdosage with the associated hemorrhagic tendencies are cor- 
respondingly reduced. 
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THE EFFECT OF CORTISONE ON THE ELECTROCARDIOGRAMS 
OF NORMAL RABBITS 


B. Abrams, M.D.,* T. N. Harris, M.D. 


PHILADELPHIA, PA. 


YORTISONE has been used experimentally as a therapeutic agent in rheumatic 

4 fever and other diseases involving the heart,'*“ and electrocardiographic 
changes after the administration of this drug have been observed by a number of 
the investigators involved in these studies. The effect of cortisone on electro- 
cardiograms of patients with chronic adrenal insufficiency has also been described 
recently.” The question arose, therefore, of whether the drug per se has any 
effect on the electrocardiogram of a mammalian heart. A complicating factor in 
such a study would be the effects of potassium depletion, which has been reported 
in human subjects treated with cortisone*? and which could of itself alter the 
electrocardiogram. In an effort to avoid this complication, rabbits were chosen 
for this study, since there is evidence that rabbits are not susceptible to this toxic 


16.17 


effect of adrenal cortical hormones. 


MATERIALS AND METHODS 


This study was carried out on thirteen albino rabbits, ranging in weight from 
1,500 to 2,500 grams. In order to establish normal electrocardiographic values 
and to accustom the animals to the procedure, four or five tracings were obtained 
in the week prior to the experiment proper. There were no differences in the heart 
rate or configuration of the individual complexes whether sedation (pentobarbital 
sodium) was used or not, but the animals became sufficiently accustomed to the 
procedure not to require sedation. The rabbits were bled from the ear arteries 
three times in this period to obtain blood for the determination of the normal 
potassium concentration and the absolute lymphocyte count of the blood. The 
weights of the rabbits were recorded frequently during this period of observation 
to establish basic weights or, in the younger animals, rates of change. 

After these preliminary studies were completed, seven rabbits were given 25 
mg. of cortisone (Cortone, Merck) intramuscularly on four successive days, 17 
mg. late in the afternoon and 8 mg. in the morning. Six animals were given norm- 
al saline solution in the same amounts for the same period. 
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Polymorphonuclear leucocytes in the rabbit have an eosinophilic character 
which makes it quite difficult to distinguish them from the eosinophilic leucocytes 
by the Thorn technique. Accordingly, absolute blood lymphocyte counts were 
used, since these cells are very sensitive to cortisone and can be used as an indi- 
cation of the effect of the drug.'* 

The electrocardiograms were recorded on a Sanborn Stetho-Cardiette. Be- 
cause of the relatively rapid cardiac rate of the rabbit, it was considered advisable 
to operate the instrument at a paper speed of 75 mm. per minute in order to 
measure more accurately the electrocardiographic changes. The three standard 
limb leads were used. The tracings were read under a dissecting microscope. 
Measurements of the various electrical components of each cardiac cycle on each 
lead were made from series of five consecutive cardiac cycles. The following 
features were noted: rate, P-R interval, Q-T interval, ST segment deviations, 
and amplitudes of the P, QRS, and T waves. The machine was standardized so 
that 1 mv. caused an upward deflection of 10 mm. The standardization was 
recorded for each lead of each tracing, and, in the rare instances in which the de- 
flection was not exactly 10 mm., the relative error was added or subtracted from 


the amplitudes of the complexes as measured. The intervals at which electro- 
cardiograms were taken are indicated on the graphs. 

Ventricular gradients and the QRS-T angle in the frontal plane were de- 
termined in the following manner: The electrocardiograms were enlarged by 
projecting them on to a wall with an ordinary slide projector and tracing the 
patterns on transparent paper. The areas under the QRS and T waves were then 
determined by placing the enlarged complexes over finely ruled graph paper and 
counting the enclosed squares. These units were then plotted on a triaxial ref- 
erence system. Care was taken to maintain the same enlargement for all the 
clectrocardiograms studied. 

The serum potassium concentrations were determined on a Beckman flame 
photometer. Serum was obtained for this study on the second, fourth, sixth, 


tenth, and twenty-first days of the experiment. 


RESULTS 

The total lymphocyte count fell from a range of 2,475 to 7,350 cells per cubic 
millimeter (mean 4,705) to a range of 464 to 2,057 cells per cubic millimeter (mean 
1,312) on the fourth day of the experiment in the seven rabbits receiving corti- 
sone. The greatest part of this fall occurred on the first day of administration of 
the drug. There was no significant change in the lymphocyte count of the six 
control animals. 

Two of the cortisone-treated rabbits and two of the control rabbits were 
mature animals at the beginning of these experiments. There was no significant 
weight change in any of these during the period of this study. The other animals 
were young when the experiment was started, and all gained weight during this 
time. The cortisone-treated rabbits gained weight at the same rate as the con- 
trol rabbits. 

There was no change in the serum potassium concentration in the three 
cortisone-treated rabbits showing the most marked electrocardiographic changes 
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or in two control rabbits. Because of this, it was not considered necessary to 
determine the concentration of potassium in the sera of the other animals. The 
concentrations all fell between 4.1 and 6.6 meq. per liter which is within the normal 


range reported by Aikawa." 


| 
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Fig. 1 Electrocardiographic effects of cortisone Leads II and III of tracings taken before ad 
ministration, on the fourth day after the onset of administration, and thirteen days later after the course 
of administration in the case of El, a cortisone-treated rabbit, and E9, a control animal 


Electrocardiographic Effects.—Only Leads Il and III were studied, as the 
amplitudes of the complexes in Lead | were considered too low for accurate meas- 
urement, presumably because of the relatively vertical electrical position of the 
rabbit's heart. Fig. 1 shows tracings taken before administration of the drug, on 
the last day of administration, and two weeks thereafter in the case of a typical 
cortisone-treated rabbit, E1, and a typical control rabbit, E9. 

Quantitively, there was a marked, immediate increase in the amplitude of 


the ORS deflections in the cortisone-treated rabbits, reaching a peak on the eighth 
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day, or four days after the last dose of cortisone was administered. ‘The ampli- 
tudes began to return to the range of values normal for the respective rabbits on 
the eighth day and reached the normal values between the thirteenth and twenty- 
first days. These effects are shown in Fig. 2. 


CORTISONE 


w 


DAYS 5 10 20 


SALINE 


v 


DAYS 5 10 5 20 


Fig. 2. -Changes in amplitude of the QRS complexes in millimeters from 
the average during the control period 


The T waves also increased in amplitude, usually in association with eleva- 
tion of the ST segment. This effect, shown in Fig. 3, reached a peak on the sixth 
to eighth days after the beginning of the administration of the drug. The T 
waves returned to within the control range on the seventeenth to twenty-first 
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days in four animals, one was normal on the eighth day, and in two this effect 
persisted after twenty-one days (of these, one was normal on the thirty-first day, 
and the other was not observed thereafter). One cortisone-treated animal 
showed no increase in the amplitude of the T waves, and this animal had only a 
minimal increase in the QRS amplitudes. 


CORT/SONE 


DAYS 10 1S 20 


Fig. 3.—-Changes in amplitude of the T waves in millimeters from the average during the control 
period. The finer lines represent the data as obtained from the individual rabbit; the heavy line repre- 
sents the mean of the observations made on each day 


The P waves also increased in amplitude in the cortisone-treated rabbits. 
These complexes were so small, however, that this finding is mentioned only in its 
relation to the changes in the other complexes. There was no change in the 
cardiac rate, P-R interval, or Q-T interval. 

The ventricular gradients and QRS-T angles were determined on tracings 
taken on cortisone-treated rabbits during the control period, at the peak of the 
increased amplitudes, and after the values had returned to the control levels. In 
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all cases the increases in the QRS and T amplitudes were reflected in increases in 
the magnitudes of the gradients, and in no instance was there significant widening 
of the QRS-T angles, at least in the frontal plane. 

These effects were not observed in the six rabbits to whom no cortisone was 
administered, except for one animal whose QRS complexes were of increased 
amplitude on the second and fourth days. 


DISCUSSION 


The fact that the serum potassium level was not altered in the animals show- 
ing the greatest electrocardiographic changes and that these changes were not in 
the direction of those observed in the presence of abnormal potassium levels would 
seem to indicate that the changes reported here were not secondary to an effect of 
adrenal cortical hormone on the concentration of that ion. As far as we now 
know, the electrocardiographic changes were probably direct effects of the drug. 
The mechanism of this effect is, however, not understood. However, since the 
increase in magnitude of the QRS and T complexes observed in the cortisone- 
treated animals was not accompanied by changes in the form of the T waves or 
the width of the QRS-T angle,*°*? it would seem probable that the changes were 
due either to an increase in the potential created by the wave of activation, with 
a secondary increase in the wave of repolarization, or to an increase in the con- 
ductivity of the tissues of the animal. 

None of the observations made in these animals tended to favor either of 
these possible factors in comparison with the other. Thus, there was no dif- 
ferential gain in weight in the cortisone-treated rabbits such as might reflect an 
increase in circulating blood volume with consequent cardizc dilatation and in- 
creased electromotive force. Also, no edema was observed, which per se might 
alter the conductivity of the tissues. It is, therefore, not possible to say at this 
time whether the effects observed involved a pharmacologic effect on the electrical 
forces created in the heart, a chemical alteration of tissues tending to increase 
their electrical conductivity, or some indirect effect of the hormone. 

No implication is made that these results are applicable to the human sub- 
ject. First, the known effects of adrenal hormones differ somewhat in different 
species.” Therefore, studies must be carried out on patients being treated with 
cortisone for diseases that do not affect the heart. Second, although the course 
lasted but four days, the desage was large in relation to the doses usually given 
human beings. For the first few days of a course of treatment, a 150 pound man 
may receive from 1.4 to 2.0 mg. per pound per day (200 to 300 mg.); these rabbits 
received 25 mg. each per day which, depending on their weight, amounted to 4.8 
to 8.0 mg. per pound per day. (It must be borne in mind, however, that small 
animals require larger doses of hormone per pound.) However, despite these 
factors the possibility of this type of change may be relevant to the evaluation of 
electrocardiograms of individuals being treated with cortisone. 


SUMMARY 
1. Thirteen rabbits were studied by repeated electrocardiograms and total 
lymphocyte counts during a period which included, for some of these animals, a 
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four-day course of cortisone administration. A marked reduction in the total 
lymphocyte count in the cortisone-treated group was taken as evidence of hor- 
monal activity. 

2. Electrocardiograms taken on the cortisone-treated rabbits showed a 
prompt increase in the amplitudes of the QRS complexes, T waves, and probably 
also the P waves. The T-wave changes were usually accompanied by an eleva- 
tion of the ST segments. The increased amplitudes were associated with in- 
creases in the magnitudes of the ventricular gradients in the frontal plane without 
changes in the ORS-T angle. 

3. There was no change in the serum potassium concentration in the three 
cortisone-treated rabbits with the most marked electrocardiographic changes or 


in two control animals. 
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AN IMPROVED ESOPHAGEAL LEAD FOR THE 
ELECTROCARDIOGRAPH 


RoBERT H. THAYER, M.D., AND ROBERT F. Foster, M.D. 


SEATTLE, WASH. 


HE purpose of this report is to describe an esophageal electrode which we 
believe represents an improvement over those in use at the present time. 
The esophageal lead has been used in electrocardiography for many years. It is 
hoped that the electrode which we describe will simplify the procedure and _ per- 


mit a greater use of the esophageal lead. 


DISADVANTAGES OF PRESENT METHOD 


Because of its position in the chest cavity, the posterior surface of the heart 
is relatively inaccessible to an exploring electrode. Although Leads II] and aVy 
give some indication of the electrical activity of this surface, these leads are re- 
mote, and the information derived is often inadequate or confusing. The ex- 
ploring precordial electrode is able to record fairly accurately the potentials on 
the anterior surface of the heart because this surface is proximate to the chest 
wall. However, electrodes placed on the patient’s back are too remote from the 
heart to give a sensitive record from its posterior surface. Likewise, the xiphoid 
or subcostal exploring electrode is objectionabie because of its distance from the 
heart. 

On the other hand, if an electrode is placed in the patient’s esophagus, it can 
be brought to lie directly posterior to the heart and approximately 1 cm. from the 
heart muscle itself.!. Therefore, we feel that the esophageal lead remains a prac- 
tical method of exploring the posterior aspect of the heart. It can be especially 
valuable in the diagnosis of two particular conditions, namely, posterior myo- 
cardial infarction and disturbances of rhythm and conduction. When the elec- 
trode is placed directly behind the auricles, it records a characteristic sharp, 
diphasic auricular wave (Fig. 1). This wave is easily identified and distinguished 
from the ventricular complexes. Thus, an esophageal electrocardiogram may 
demonstrate auricular waves which cannot be recorded sufficiently for diagnosis 
by the conventional leads.? 

There are certain disadvantages to the type of esophageal electrode which is 
ordinarily employed. This electrode usually consists of a small piece of metal 
placed at the tip of a rubber tube, resembling a Levine or Rehfuss tube. The 
electrode is connected to the recording machine by means of a small, metal wire 
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which is threaded through the rubber tube. For an electrocardiogram to be 
taken, this metal-tipped tube must be passed down into the esophagus. The 
procedure is similar in all the disagreeable aspects to the passage of a stomach 
tube and, from the point of view of the patient, creates stress, gagging, and 
anxiety. Often the nasopharynx must be anesthetized to suppress the gag re- 
flex. Few physicians are willing to subject a seriously ill patient to such a pro- 
cedure for purely diagnostic purposes. To obviate these objections, we have 
constructed an esophageal lead which by the nature of its small size and simplicity 
eliminates these disadvantages for the most part. 


B. 
Fig. 1..-A, Normal tracing of Lead I; B. esophageal tracing of same patient. 


APPARATUS AND TECHNIQUE 


The apparatus consists of 3 or 4 feet of fine insulated wire. ‘This wire is 0.1 
cm. in diameter and is made from tiny filaments of silver tinsel which are woven 
together and ensheathed with plastic insulation. To one end of this wire is at- 
tached a small rubber bag which contains 7 Gm. of metallic mercury. An elec- 
trode which is 1 cm. in length and about 0.3 cm. in diameter lies directly above the 
bag. This electrode is constructed from lead solder and is fastened onto a seg- 
ment of the wire from which the insulation has been removed. Thus it makes 
good contact with the tinsel lying beneath the insulation. The weighted bag is 
no larger than a therapeutic vitamin capsule, being 2 cm. in length and 0.75 em. 
in diameter at its widest portion (Fig. 2). The free end of the wire is connected 
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to the exploring electrode of the electrocardiograph, and the machine is con- 
nected and operated otherwise in the usual manner. 

In order to take an electrocardiogram, that end of the wire which holds the 
mercury bag and electrode is first immersed in mineral oil and is then placed in 


Fig. 2.—The simplified esophageal electrocardiograph lead compared to a vitamin 


capsule. The electrode lies directly above the mercury bag. 


Fig. 3.—Lateral film of the chest showing the mercury bag and 


electrode in place directly behind the heart 
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the patient’s mouth and swallowed with water. The mercury bag provides suf- 
ficient weight and bolus to carry the electrode rapidly to the desired level in the 
esophagus (Fig. 3). 

The wire should be marked at lengths of 31 and 36 cm. from the electrode. 
These marks represent the usual distances between the teeth and the esophageal 
levels of the auricles and ventricles, respectively. 


COMMENT 


In the construction of this simplified esophageal lead, it is necessary to obtain 
a type of wire which contains many strands or filaments of metal twisted together 
to form a braid beneath the insulation. This provides flexibility and avoids the 
kinking and stiffness that occur with the use of a single strand of wire. The 
particular type of wire which we employed is strong and as flexible as string. It 
is commonly used in the manufacture of hearing aids. 

We think that an esophageal electrode of this type represents a considerable 
improvement over those in current use. It records a tracing which is identical 
to that obtained by the usual type of esophageal lead.* The procedure that we 
have described can be performed rapidly and without the aid of topical anesthet- 
ics. The mercury bag is no more difficult for the patient to swallow than a large 
pill and causes no undue apprehension. Because of their small size, the bag and 
electrode rarely induce any gagging or vomiting reflex while in the esophagus. It 
is evident that the technique requires patient cooperation and cannot be used on 
an unwilling or unconscious patient. 


SUMMARY 


There are certain disadvantages to the present methods of esophageal elec- 
trocardiography. Many of these disadvantages can be overcome by the use of a 
small, weighted electrode which is attached to the end of a wire string and which 
can be swallowed by the patient. The electrode is described, and the procedure 
is discussed. 
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Clinical Reports 


PERSISTENT VENTRICULAR PACEMAKER FOLLOWING BASAL 
SKULL FRACTURE 


REPORT OF A CASE IN A 5-YEAR-OLD GIRL 
ALEXANDER S. Napas, M.D.,* Boston, Mass., MARIANO M. ALIMURUNG, 


M.D.,** MANILA, PHILIPPINES, AND ARTHUR J. LINENTHAL, M.D.,*** 
Boston, Mass. 


AROXYSMAL ventricular tachycardia was first mentioned by McKenzie! 
in 1908, who differentiated it from paroxysmal auricular tachycardia by means 
of simultaneous venous and arterial tracings. It was Sir Thomas Lewis? in 1909, 


however, who reported the first case of paroxysmal ventricular tachycardia with 
electrocardiographic evidence. Since then, numerous cases have been reported 
in adults. Most recently, Armbrust and Levine’ reported their series of 107 cases 


of paroxysmal ventricular tachycardia. Their youngest patient was 18 years old. 


In contrast to its presence in adults, only a few instances of this arrhythmia 
are found in the pediatric literature. We are reporting an additional case of a 


5!4-year-old girl who presents several unusual features. 


CASE REPORT 


G. M., a 59-year-old girl, was admitted to the Neurosurgical Service of the Children’s Medi- 
cal Center of Boston on April 28, 1949. She was entirely well until one and one-half hours prior 
to admission, when she fell down fifteen steps in front of her home and landed on a cement pave- 
ment. She was unconscious only for a few seconds and did not vomit. However, she had bleeding 


from the left ear. On arrival at the hospital she was semiconscious and disoriented. Her tem- 
perature was 97.3° F., pulse 164, and respirations 20. The initial blood pressure was 108/70 mm. 
Hg with marked fluctuations. Some bright red blood oozed from the left auditory canal, but the 


eardrums appeared normal. The pupils were equal, moderately dilated, and reacted normally 


to light. The fundi appeared normal. 


Urine and blood examinations were normal. ‘The cerebrospinal fluid pressure was 90 to 100 


mm. of water, the fluid being pink in color with 4,200 red blood cells per cubic millimeter. X-ray 
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examination of the skull showed a linear shadow of diminished density traversing the right lamb- 
doid suture consistent with a diastatic fracture. 

Within twenty-four hours, with bed rest and sedation, she became rational, the ear stopped 
bleeding, and the blood pressure became stable. 

From this time on, the skull fracture itself caused no difficulties. However, a cardiac arrhyth- 
mia, noted by the nurse on admission, posed a great many problems. To the best of our knowledge, 
this arrhythmia was not present before the accident. One month previously, a tonsillectomy had 
been performed at another Boston hospital. The family doctor stated that the pulse was slow and 
regular at that time. ‘Two other physicians who had seen this girl within the past two years also 
noted no irregularity of the pulse. 

From all the available evidence, this child had no organic heart disease. The past history 
was free of any suggestion of rheumatic disease. Physical examination revealed no clinical evi- 
dence of rheumatic fever and only a Grade 2 functional systolic murmur at the pulmonic area. 


\ roentgenogram (Fig. 1) of the heart on the day of admission showed no abnormality. 


Fig. 1 Roentgenograms, posteroanterior and right lateral views, taken on hospital admission, 
April 28, 1949, showing a normal heart 


\n electroencephalogram on the day of admission revealed scattered spikes at a slow rate in 
the occipital region. Subsequent studies failed to show any correlation between this mild cerebral 
dysrhythmia and the cardiac arrhythmia. 

She was observed in the hospital for two weeks after the accident and for another year up to 
the present time as an outpatient. She has remained in good health and has developed normally. 
lhe only abnormal finding has been the cardiac arrhythmia. This arrhythmia has been noted at 
every examination during the past year, except when it has been under the influence of quinidine, 
as will be described. As far as can be ascertained, she has had no symptoms referable to the rapid 
and irregular heart action. 

Observitions on the Cardiac Arrhythmia.—The arrhythmia is well illustrated by the first elec- 
trocardiogram taken on admission (Fig. 2). This tracing shows an over-all rate of approximately 
132 per minute. Two types of QRS complexes were seen: (1) regular sinus rhythm at approxi- 
mately 125 per minute and (2) bizarre, wide, ventricular-type complexes at a rate of 160 per minute 
without regularly accompanying P waves. The first type of complexes also showed slightly de- 
pressed S-T,, low upright T,-;, a P-R interval of 0.12 second, QRS duration of 0.06 second, 
and a Q-T interval of 0.33 second. 
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These two types of QRS complexes intertwine, and the P waves of the sinus rhythm can be 
seen as notchings superimposed on the ectopic ventricular complexes. This is best seen in the 
long paroxysm shown on the bottom tracing, Lead V yx of Fig. 2. It is evident that the bizarre 
QRS complexes were due to an ectopic rhythm probably originating in the left ventricle. The 
ectopic beats appeared all the way from isolated complexes to paroxysms of over 500 successive 
beats. This arrhythmia fulfills the criteria first pointed out by Robinson and Herrmann? for 
paroxysmal ventricular tachycardia 

Che latest electrocardiogram taken June, 1959, still showed the same features as the many 


tracings taken during her hospital stay. 


4-28-49 
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Fig. 2 Electrocardiograms on admission, April 28, 1949, showing the three standard limb leads 


and a Vsr chest lead as an auricular lead. In the limb leads the isolated ectopic ventricular complexes 
have an identical configuration as those during the short paroxysms. In Lead Vsr with a continuous 
run of ectopic ventricular complexes, P waves can be seen before the fourth, seventh, tenth, thirteenth, 
and sixteenth complexes. These P waves independently occurring at a slower rate than the ectopic 
ventricular complexes establish the diagnosis of ventricular tachycardia 


rhe effect of a number of therapeutic agents and procedures was observed under electro- 
cardiographic control. Reflex vagal stimulation by means of carotid sinus and ocular pressure 
was totally ineffective \tropine was of no avail. Unilateral stellate ganglion injection with 
procaine had no effect. Procaine amide was administered by mouth in single doses varying from 
259 mg. to 1.5 Gm. and total doses up to 1.75 Gm. without any effect.'* In an attempt to influence 
the arrhythmia with Dilantin, as suggested by Harris and Kokernot,'’? she was given Dilantin 
in doses up to 100 mg. three times daily for one week without any effect on the heart, but with 


some modification of the cerebral dvsrhvthmia. 


Quinidine sulfate by mouth was effective in abolishing the arrhythmia temporarily. The 
time relations of this effect were studied. Several experiments were performed with different- 
sized single doses of quinidine. The effects on the cardiac mechanism were appraised by electro- 


cardiographic evidence and determinations of the quinidine plasma level.’ The results of the test 
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on June 30, 1949, are shown in Fig. 3. Following a control electrocardiogram, the child was given 
a single oral dose of 500 mg. of quinidine sulfate at 11:00 in the morning, not having had any 
quinidine for twenty-four hours before. Serial electrocardiograms were then taken at fifteen- 
minute intervals during the first three hours after the dose, and then at hourly intervals for a 
total period of ten hours of observation. Blood samples were drawn at varying times, particu- 
larly when significant changes in the electrocardiogram were noted. The observations showed 
that the ectopic beats diminished by 11:39, disappeared by noon, and reappeared in the form of 
bigeminal rhythm by 6 p.m. The quinidine levels determined almost simultaneously with several 
of the electrocardiograms indicated that the ectopic ventricular rhythm was abolished at levels 
somewhere between 8.2 and 6.8 mg. per liter and that the arrhythmia reappeared at levels between 
1.9 and 3.9 mg. per liter. On the basis of these observations, 590 mg. of quinidine sulfate were 


administered every six hours. 


6-30-49 
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12:45 
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Fig. 3.—Summary of observations on quinidine test with a single oral dose of 500 mg. on June 30, 
1949, Pertinent electrocardiograms are shown with corresponding blood levels of quinidine. Compared 
to the control tracing, the results show the disappearance of ectopic rhythm at levels between 6.8 and 
8.2 mg. per liter, maintenance of effect at levels between 3.9 and 6.4 mg. per liter, and reappearance 
of ectopic rhythm at levels below 3.9 mg. per liter 


After this test, the patient was seen repeatedly, and because of electrocardiographic evidence 
of normal sinus rhythm as late as eight hours after the last quinidine dose, the dosage schedule 
was changed first to 500 mg. every eight hours and later to 459 mg. every twelve hours. With 
this amount of the drug, the arrhythmia was controlled fairly well with the exception of a few 
hours between doses. Further observations on four separate occasions showed that disappear- 
ance of the arrhythmia took place at quinidine plasma levels of approximately 6 mg. per liter, 
whereas it reappeared when the level fell below approximately 4 mg. per liter. 

Her present schedule consists of 400 mg. at 8 A.M., 250 mg. at 1 P.M., and 490 mg. at 8 P.M. 
With this regimen the ectopic beats are abolished throughout the day. Occasional single ectopic 
beats have been observed at the time when one would expect the quinidine level to be low, i.e., 
more than three hours after any one dose. The mother has made this observation repeatedly 
with ease by feeling the patient's radial pulse. The observation was confirmed by us on several 


occasions during clinic visits.- 
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No significant toxic effects were noted during this entire period of quinidine therapy. She 
had two episodes of fleeting generalized erythematous rashes, but these disappeared spontaneously 
without discontinuing the drug. She also showed some ‘‘dopeyness”’ occasionally while on the 


500 mg. dosage. Audiometric tests done six months after the onset of quinidine therapy showed 


no changes. Complete blood counts including piatelets were repeatedly within normal limits. 


DISCUSSION 


Paroxysmal ventricular tachycardia in adults has been reviewed by Williams 
and Ellis® in 1943 and, most recently, by Armbrust and Levine.’ A review of this 
arrhythmia in childhood was made by Rosenbaum and associates’ in 1942, who 
found only seven unequivocal cases to which they added two of their own. In 
1947, Landtman*® emphasized that while paroxysmal supraventricular tachy- 
cardia is relatively common in the young, ventricular tachycardia is extremely 
rare. 

In Armbrust and Levine's series the longest duration was twenty-three 
days. However, McMillan and Bellet* described an unusual case of a 16-year-old 
girl with a normal heart and ventricular tachycardia which responded tempo- 
rarily to quinidine, but still persisted a year after she was first seen. 

That individuals of any age without organic heart disease can have parox- 
ysmal ventricular tachycardia is illustrated by cases in the series of both Arm- 
brust and Levine and Rosenbaum and associates. Both groups of observers also 
agreed on the good prognosis of this arrhythmia in such instances, recognizing 
at the same time that it can have a serious or even fatal outcome, particularly 
in a seriously damaged heart. 

At the Children’s Medical Center of Boston this is the first instance in which 
paroxysmal ventricular tachycardia has been observed following a head injury.' 
The possible relationship between the central nervous system and ventricular 
tachycardia, however, has been pointed out by several workers. Brow, Long, 
and Beattie,'’ in 1930, found that cats under chloroform anesthesia developed 
ectopic ventricular beats which later became transformed into ventricular tachy- 
cardia. This arrhythmia could be abolished by decerebration at the Sherrington 
level and/or removal ofthe stellate ganglia. Brauch," in 1940, noted paroxysmal 
ventricular tachycardia in a patient with internal hydrocephalus and an intact 
cardiovascular system. Weinberg’ found electroencephalographic abnormalities 
associated with electrocardiographic evidence of paroxysmal ventricular tachy- 
cardia, both abnormalities disappearing upon quinidine medication. 

The observations on the quinidine plasma levels are also of interest. In 
adults weighing from 100 to 150 pounds, Delevett and Poindexter’ found a 
maximum level of 1.48 to 3.88 mg. per liter in one to three hours after a single 
oral dose of 1 Gm. In the present patient, weighing 50 pounds, a single dose of 
0.5 Gm. produced a maximum level of 5.8 to 8.2 mg. per liter within one hour. 
Levels of at least 6 mg. per liter were necessary to abolish the arrhythmia, and 
no less than 4 mg. per liter were necessary to maintain this effect. This obser- 
vation differs from that of Delevett and Poindexter in two patients with nodal 
tachycardia in whom they found effective levels as low as 1 mg. per liter. 


| 
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Finally, the lack of any significant ill effects attributable to quinidine con- 
forms with the observations of Messeloff and Gold."* These authors have shown 
the innocuousness of single large doses and of protracted administration. 

It is of interest that although procaine amide has been found to influence 
ventricular arrhythmias favorably, it had no effect on the rhythm of this girl’s 
heart.'§ 

SUMMARY 


An unusual case of paroxysmal ventricular tachycardia is presented. 

The unusual features are: (1) its probable connection with the basal skull 
fracture, (2) its duration to the time of writing in an otherwise perfectly healthy 
child, (3) the patient’s age at the onset of the arrhythmia, 5!6 years, (4) the 
prolonged administration of quinidine without ill effects, (5) the serial studies 
with electrocardiographic tracings and plasma level determinations leading to 
the determination of the effective quinidine plasma level in a child, and (6) the 
ineffectiveness of procaine amide on the arrhythmia. 

The persistence of the ectopic focus over a year since its onset suggests that 
a concept of persistent ventricular pacemaker is probably a better one than that 
of paroxysmal ventricular tachycardia in this particular case. 


We are indebted to Miss M. Rosenfield for technical help with the quinidine analyses. 
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VENTRICULAR ANEURYSM IN A 29-YEAR-OLD MAN 
STUDIED ANGIOCARDIOGRAPHICALLY 


Cyrit H. Dotty, M.D.,* T. Dotrer, M.D.,** Anp 
ISRAEL STEINBERG, M.D.** 


New York, N. Y. 


Dies subject of ventricular aneurysm has been covered in medical publications 
dating from 1538 (Baillow, cited by Crawford') to the recent review of 
Berman and McGuire.2. During that time, several hundred instances of the 
condition have been described, documenting present concepts of pathogenesis, 
clinical findings, and diagnostic criteria. Aneurysm of the anterolateral wall 
of the left ventricle follows approximately 9 per cent of myocardial infarctions.* 
Calcification in the aneurysm wall is not uncommon?; the same is true of thrombus 
formation within the sac.2. Aneurysm may develop at any time from a week* 
to several years following infarction, the average period of time being seventeen 
and one-half months in one series of cases reviewed.* Two-thirds of cardiac 
aneurysms occur in males.” 

Ventricular aneurysm occurs predominantly in the middle and older age 
groups as does its usual cause, coronary artery disease. Parkinson and asso- 
ciates’ described a ventricular aneurysm following myocardial infarction in a 
30-year-old patient (apparently the earliest age of onset previously recorded). 
Where ventricular aneurysm has occurred as the result of causes other than 
myocardial infarction (e.g., trauma, rheumatic necrosis, congenital anomalies), 
at least seven cases have been reported in young patients.*-'° Myocardial in- 
farction is not uncommon in young adults,'' and it seems possible that some 
cases of ventricular aneurysm occurring in this age group have escaped detec- 
tion until later years. 

The principal diagnostic features of ventricular aneurysm include evidence 
that coronary occlusion has occurred and the demonstration of a localized bulge 
of the heart. The most decisive diagnostic point has been the fluoroscopic, 
roentgenkymographic, or electrokymographic demonstration of expansile (para- 
doxical) systolic pulsation of the mass.'"* Occasionally, ventricular aneurysms 
may be difficult to distinguish from tumors contiguous to the heart. This is 
particularly so when thrombus formation within the sac has limited pulsation. 
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CASE REPORT 


\ 29-year-old Negro man (N.Y.H. 572295) sought medical aid, complaining of exertional 
dyspnea and dull precordial pain. He had been unable to perform manual labor for three years 
following an acute episode of severe chest pain followed by an illness diagnosed as pneumonia. 

Physical examination revealed the patient to be a well-nourished young Negro. Blood 
pressure was 110/50 mm. Hg. The heart was enlarged to percussion, and a heaving apical impulse 
was present. Cardiac rhythm and rate were normal. A rough systolic murmur was best heard 
in the pulmonic area while softer systolic and diastolic apical murmurs were present. 


Fig. 2 Ventricular aneurysm, electrokymogram (reproduction and interpretation through the 
courtesy of Dr. John B. Schwedel): Carotid artery pulse (A) and electrokymogram from upper left 
ventricular border (B) and from aneurysmal contour (C) were recorded simultaneously Curve B 
shows a normal ventricular systolic downstroke at the onset of ventricular ejection (arrows), followed 
immediately by a normal diastolic expansion at the time of closure of the aortic valve. Curve C, re 
corded from the aneurysmal contour, portrays marked systolic expansion and diastolic collapse. VPulsa 
tions of the aneurysm are paradoxical or opposite in direction to the normal. 


Chest roentgenograms (Fig. 1) showed the presence of a localized, rounded shadow con- 
tiguous with the anterolateral wall of the left ventricle. The periphery of the mass contained 
faint calcific deposits. Paradoxical pulsation was observed fluoroscopically and demonstrated 
by roentgenkymography. An electrokymogram showed marked systolic expansion (Fig. 2). 
Electrocardiography revealed evidence of previous myocardial infarction (Fig. 3). 

Angiocardiography was conducted in order to demonstrate decisively the nature of the 
mass. A frontal film (Fig. 4), exposed 10.5 seconds following the intravenous injection of 45 c.c. 


of 75 percent Neo-iopax, revealed filling of the left side of the heart and aorta as well as opacity 
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of the aneurysmal cavity. This was round, about 6 to 7 cm. in diameter, and arose from the left 
ventricle anteriorly. In this manner, the aneurysmal nature of the shadow was proved con- 


clusively during life. 
DISCUSSION 


It is possible that this case represents the youngest recorded age incidence 
of left ventricular aneurysm following myocardial infarction. In the absence 
of an autopsy it cannot be concluded that coronary arteriosclerosis was responsible 
for the infarction. Anomalous origin of the left coronary artery may have 
caused myocardial infarction and ventricular aneurysm in a 23-year-old man 


still living.” 


Fig. 3.-- Ventricular aneurysm, electrocardiogram: Leads I, II, IIT, and IV from above downward. 
Rate and rhythm are normal; left axis deviation is present. The form of the coved and inverted T 
waves in all leads is abnormal and resembles that seen following myocardial infarction with anterior 


and posterior base involvement. 


The use of angiocardiography in establishing the diagnosis of this condition 
is illustrated. According to Friedberg, ventricular aneurysm must be roent- 
genologically differentiated from cardiac tumor, localized pericardial effusion, 
pericardial cyst, aneurysm of the sinus of Valsalva, localized pericardial calcifica- 
tion, myocardial gumma, aneurysm of the descending aorta, and enlargement 
of the pulmonary conus." Angiocardiography can be depended upon to make 
this differential. We have studied the angiocardiographic findings in three other 
cases of ventricular aneurysm. In these cases the aneurysmal cavities appeared 
as outpocketings of the opacified left ventricular cavity and were smaller in size 
than that of the patient reported above. In one instance a thickened wall sug- 
gested that a thrombus lined the aneurysm superiorly while the ventricular wall 
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below this was paper thin. We have found the frontal projection of most value 
although inspection of conventional roentgenograms will point to the optimum 
projection in any given case. 

The angiocardiogram reveals little difference between small ventricular 
aneurysms and the appearance of the left ventricle following massive myocardial 
infarction. In the latter case, the ventricle appears as though in perpetual 
diastole. Normally, the left ventricular wall is poorly shown by angiocardiog- 
raphy since it moves rapidly during ventricular activity and since during systole 
the papillary muscles are closely approximated, displacing contrast substance 
(and blood) away from the peripheral portions of the cavity. It is only when 
angiocardiographic exposures are made (fortuitously or by means of electro- 
cardiographic control) during ventricular diastole that the chamber is completely 
outlined and the wall clearly shown. This situation occurs regardless of the 
phase of the cardiac cycle in patients who have had massive infarction of the left 
ventricle. The principal angiocardiographic difference between massive in- 
farction and what is generally thought of as ventricular aneurysm is the localized 
nature of the bulge or outpocketing seen in the latter lesion. Since few patients 
who survive myocardial infarction die from rupture of the infarcted area whether 
aneurysm forms or not, the difference between the two conditions is not important 
from a prognostic point of view. 


CONCLUSIONS 


1. A case of left ventricular aneurysm following myocardial infarction in a 
29-year-old man is reported. 


2. The value of angiocardiography in establishing the diagnosis is illus- 
trated and discussed. 
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HEART BLOCK OF THIRTY-TWO YEARS’ DURATION 


EpWARD KeEss_Ler, AND Howarpb E. Heyer, 


DALLAS, TEXAS 


[. of acquired heart block of long duration are sufficiently uncommon 
A to merit attention. Schmidt-Weyland! reported a case of thirty-six vears'’ 
duration, Smith? one lasting thirty vears, Harris* one of twenty-eight years, 
Willius' one of twenty-two years, Campbell’ one of twenty years, and Graybiel 
and White® one of sixteen years’ duration. In reviewing the literature it appears 
that the case reported by Schmidt-Weyland endured the longest. Though the 
cases mentioned above showed complete heart block, the patient reported below 
exhibited complete or a high degree of heart block for approximately twelve 
vears, followed by marked first-degree heart block for the next twenty years. 
The case reported is also unusual in that the etiological factot was apparently 


influenza, an uncommon cause of heart block. 


CASE REPORT 


rhe patient, W. D., first came under observation in 1918, at which time, at the age of 18 
years, he was admitted to a Naval hospital with an attack of influenza. The hospital record 
revealed that the temperature on admission was 1(4° F. and the pulse rate 82 per minute. No 
unusual cardiac findings were noted, and the fever abated after four to five days of treatment. 
One week later, however, the pulse rate had decreased to 37 beats per minute. For several days 
it varied from 37 to 42 beats per minute, but aside from the bradycardia no unusual findings were 
recorded. He was next observed five months later when, during a routine physical examination 
for insurance, a blowing systolic murmur at the apex of the heart was described. The heart 
rate then was 44 per minute and the blood pressure 126/69 mm. Hg. 

He next appeared for treatment in a Naval hospital in August, 1923, at which time he com- 
plained of precordial discomfort and shortness of breath on exertion. An electrocardiogram made 
at this time (but not available for review) was reported as showing “‘heart block, partial."" The 
resting pulse rate at this time was 45 per minute, increasing after exercise to a maximum of 69 
beats per minute. He was subsequently examined for similar complaints in 1924, at which time 
the pulse rate was found to be 48 per minute. He was again examined in a Veterans Admin 
istration clinic in 1925, at which time the bradycardia was again noted and an electrocardiogram 
(Fig. 1) revealed complete heart block. 

He was next hospitalized in July, 1927 (this time in an Army hospital), with complaints 
of a feeling of ‘discomfort about the heart region’? which was made worse by exercise. He re- 
ported having fainted on two occasions during the previous six years. During the course of this 
hospitalization the pulse rate varied from 49 to 58, having been recorded below 59 on twenty 
occasions and above 59 on eight occasions. An electrocardiogram during the course of this 
hospitalization again revealed complete heart block, with an auricular rate of 75 and a ventricular 
rate of 41 beats per minute. Electrocardiograms recorded in February, 1930, and again in July, 


1939, also showed complete heart block. 


From the Department of Internal Medicine, Southwestern Medical School of The University cf 
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lhe patient was not seen again until May, 1933, when he was admitted toa veterans’ hospital. 


During the period between 1927 and 1933 he had suffered occasional episodes of lightheadedness 


and had fainted on several occasions. ‘The episodes of syncope apparently were usually only a 
few seconds in duration. An electrocardiogram taken in May, 1933, revealed a markedly pro- 
longed P-R interval of 0.34 to 0.36 second (Fig. 2). This prolongation of the P-R interval was 


not altered ina tracing taken fifteen minutes after the hypodermic injection of 1/150 gr. of atropine. 
Electrocardiograms taken in September, 1938, and again in February, 1941, showed similar find- 
ings of first-degree heart block, with P-R intervals of 0.28 second in each instance. During the 
five-year period preceding 1941, he was relatively symptom free. 


Fig. 1..—Electrocardiogram taken April 24, 1925. 


From the latter part of 1941 to early 1945, the patient served in the Navy as an aerial gunner 
and radio operator, with thirteen months of this time overseas. Just prior to discharge, he entered 
a Naval hospital with complaints of dyspnea and dizziness with and without exertion. An elec- 
trocardiogram again showed delayed conduction with a P-R interval of 0.26 second. A tracing 
made in August, 1945, is reproduced in Fig. 3. Following discharge from the Navy, these symp- 


toms continued with the addition of ‘‘fainting spells,” coming on in the manner described pre- 


viously, preceded by a “‘pounding in the chest."’ The episodes of fainting were only occasional 
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and continued until one and one-half years prior to being seen by the authors. During 1948 
and 1949, these episodes of fainting had been entirely absent; there had been marked improve- 
ment in the dyspnea without medication, no dizziness, and no awakening with uncomfortable 
symptoms. 

When seen on July 28, 1950, questioning failed to reveal any serious past illnesses other than 
the episode of “‘influenza"’ described previously and a past history of malaria. No history of acute 


rheumatic disease or diphtheria was obtained. 


Fig. 2.-—-Electrocardiogram taken May 15, 1933. 


Physical examination at this time revealed a well-developed, slightly obese, 50-year-old 
man who was alert and cooperative and not apparently ill. There was no neck vein distention 
in the upright or prone position. The fundi showed no tortuosity or arteriovenous nicking 
of the vessels, no hemorrhages or exudates. ‘The pulse was of good and equal volume bilaterally. 
Slight irregularity was noted, suggestive of premature beats. The cardiac rate was 70 per minute, 
blood pressure 156/84 mm. Hg. Examination of the heart revealed the point of maximal impulse 
to be in the fifth intercostal space, 8.5 cm. to the left of the mid-sternal line. The left border 
on percussion corresponded to the point of maximal impulse. The rhythm was regular with occa- 
sional premature beats becoming more frequent after exercise. The first sound at the apex was 
very faint. A soft, Grade 1 systolic murmur, which increased slightly with exercise, was noted 
at the apex. No thrills, abnormal pulsations, or bruits were noted. The lungs were clear to 
percussion and auscultation. No abnormalities were noted in the abdomen. The extremities 
showed no pedal edema. An electrocardiogram at the time of examination (Fig. 4) revealed 


first-degree heart block with a P-R interval of 0.28 second. 


KESSLER AND HEYER: HEART BLOCK OF 32 YEARS’ DURATION 


DISCUSSION 


The abrupt development of marked bradycardia during an acute episode 
of influenza and the absence of evidence of acute rheumatic disease or diphtheria 
render it probable that the etiological factor in this case was influenza. While a 
congenital defect of the conduction system might have been responsible for the 


Electrocardiogram taken Aug. 11, 1945. 


Fig. 3. 
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heart block, the apparent suddenness of its onset and the improvement in con- 
duction after many years of observation make this unlikely. 

Complete heart block following influenza, although a relatively rare occur- 
rence, has been recorded in several instances. Thus, Egedy,’ Perlstein,* Hyman,‘ 
and Dressler and Kiss'® have reported the development of complete auriculo- 
ventricular dissociation as a complication of influenza. In these instances the 
heart block has generally been transitory in nature, complete heart block due 
to this disease apparently being very uncommon. Although third-degree heart 
block due to influenza is infrequent, electrocardiographic aberrations are rela- 
tively common, having been recorded in twenty-one of a group of one hundred 


Fig. 4 Electrocardiogram taken July 28, 1950, 


patients with influenza.’ These were generally of benign type (such as sinus 
bradycardia, auricular and ventricular premature beats, nodal rhythm, and sino- 
auricular block), although signs of myocardial damage, as well as heart block, 
were also reported. 

It is interesting to note that in the present case a high degree of heart block 
remained present for at least twelve years, to be replaced by a lesser degree of 
block for the next twenty years. Such occurrences have been reported by Camp- 
bell. In his series the longest duration of complete heart block followed by re- 
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mission was found to be seven years. Why there should have been improvement 
in the present case after a twelve-year period is difficult to explain. There may 
have been, however, a sufficient degree of regeneration of the conduction system 
to permit improved auriculoventricular conduction. 

The symptoms presented by this patient at various times are apparently 
those associated with heart block plus those of frank Stokes-Adams attacks. 
Campbell’ has pointed out that Stokes-Adams attacks may come with paroxysmal 
complete heart block and that block may disappear after the attack, making it 
difficult to recognize such episodes. This may well have been the case during 
the latter period of symptoms when the electrocardiogram showed only pro- 
longation of the P-R interval. The attacks of syncope in this case may have 
been ushered in by ventricular tachycardia or fibrillation since there is a history 
of “pounding in the chest’’ as a premonitory sign. Similar complaints of pal- 
pitation with complete heart block have been described by Schnur."” 

It has been stated that if the patient does not develop Stokes-Adams attacks 
within the first month of onset of heart block, he is not likely to have such attacks. 
The patient described here apparently sustained a high degree of heart block 
for approximately nine years before he had any Stokes-Adams attacks. While 
the prognosis with Stokes-Adams attacks is generally poor, it need not neces- 
sarily be so, as is demonstrated by this case. The prolonged survival of this 
patient in a state of fairly good health serves to highlight the oft-repeated dictum 
that the presence of heart block does not influence the prognosis, but, rather, the 


determining factor in the prognosis is the status of the myocardium.?:’:®."! 


SUMMARY 
A case of heart block is presented which showed a high degree of block for 
approximately twelve years, followed by first-degree block for the next twenty 
years. The patient remained in fairly good health up to the time of the report. 
The onset of the heart block apparently followed an acute episode of influenza. 
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AN ANOMALOUS CORONARY ARTERY ARISING 
FROM THE PULMONARY ARTERY 


EARL S. Cronk, M.D., J. G. Srnciarr, Pu.D., AND R. H. RiGpon, M.D. 


GGALVESTON, TEXAS 


E PORTED cases of anomalies involving the coronary arteries are infrequent. 

Two cases in which the right coronary'® and seventeen* in which the left 
coronary artery arose from the pulmonary artery have been reported. There are 
two cases in which both coronary arteries arose from the pulmonary artery.‘ 
A majority of the patients died during infancy when the left coronary artery 
originated from the pulmonary artery. The two patients in whom the right 
coronary artery arose from the pulmonary artery died at 30 and 61 years of age. 
The two infants with both coronary arteries arising from the pulmonary artery 
died when 10 days of age. Minor variations have been reported for the origin of 
the coronary arteries. Hyrtl® cited a case in which the right coronary artery 
arose 16 mm. above the aortic sinus, while Giepel’ and Schrader’ reported two 
cases in which the right coronary artery arose 7 and 18 mm. above the aortic cusp 
margin. Smith and Graber® reported a case in which the heart was supplied by 
only one coronary artery which corresponded to the site of origin of the right. 
The patient performed heavy physical work and died from a coronary thrombosis 
at the age of 46 years. 

Recently a case was studied at the time of autopsy in which the right coronary 
artery arose from the pulmonary trunk in a man who died at 90 years of age. 
Since only two others with a similar anomaly have been found in the literature, 
we report this case. 

CASE REPORT 
J. G., a Negro man, 90 years of age, was first seen in the Emergency Room of the John Sealy 
hospital witha Jacksonian type of convulsion. Six months later, he again appeared at the hospital 


with a similar convulsion. A month later, he was seen with a third seizure. At this time the 
systolic pressure was 270 mm. Hg, and the diastolic was 130 mm. Hg. On percussion the heart 


was considered to be enlarged. There was a systolic murmur that radiated over the entire pre- 
cordium. Extrasystoles were observed in every third to seventh beat. There was nicking of the 
retinal arteries. There was some weakness of the right side of the body. He was incontinent of 
urine. Approximately one vear following the time of the first convulsion, the patient was brought 


to the Emergency Room, but he was dead on arrival. 
Autopsy.—The autopsy was performed two hours following death. Only the pertinent 


findings are included in this report. The body weighed approximately 110 pounds. No sig- 


nificant pathologic changes were present either on the external surface of the body or within the 
serous Cavities, 

The heart weighed 600 grams. ‘The transverse diameter was 9.5 cm., and the distance from 
the base to the apex was 11 cm. ‘The wall of the left ventricle measured 20 mm. and the right 6 
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mm. A small amount of fibrosis was present in the myocardium of both ventricles. The tri- 
cuspid valve measured 10 cm. in circumference, the pulmonary 8 cm., the mitral 10 cm., and the 
aortic 9cem. The left coronary artery and its branches were dilated and very tortuous (Fig. 1). 
It originated posterior to the anterior cusp of the aortic valve. ‘The diameter was 20 mm, at its 
widest. Branches of the left coronary artery were very large in the area of the apex of the left 
ventricle. There was extensive arteriosclerosis throughout the entire length of this artery (Fig. 
2,A). The right coronary artery arose from the pulmonary trunk 18 mm. distal to the base of the 
pulmonary cusp on the side adjacent to the aorta (Fig. 3). This artery measured 6 mm. at its 


widest. The right coronary artery and its branches were located in approximately their normal 


Fig. 1.--Semitransparent reconstruction of heart with anomalous right coronary artery, ventral 
view. The variation in size of the two coronary arteries is shown. Note the size of the left coronary 
artery at the apex of the left ventricle. 


positions over the right ventricle. The wall of this artery was thin, resembling that of a vein 
(Fig. 2,B). There was a narrow internal elastic membrane and a narrow media with a few elastic 
fibers intermingled with much collagenous tissue (Fig. 2,C). No arteriosclerosis was present in 
the right coronary artery. There were more arteries within the wall of the right than in the wall 
of the left ventricle. Some of those in the myocardium of the right ventricle had a thick wall 
resembling the left coronary artery, while others were thin-walled vessels like the right coronary 
artery. The aorta and the large arteries throughout the body showed extensive arteriosclerosis. 
The arterioles in the kidney showed a moderate degree of sclerosis. 

The brain weighed 1,050 grams. An old area of encephalomalacia was present in the left 


parieto-occipital region. 
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Fig. 2.—A, The left coronary artery opened shows extensive atherosclerosis. B, The right coronary 
artery resembles a vein. No atherosclerosis is present C, The wall of the right coronary artery is 
shown Elastic membranes are fragmentary, and the media is very collagenous. (Hematoxylin and 
phloxine stain, 160.) 


Fig. 3.—The right coronary artery arose 18 mm. distal to the base of the pulmonary valve. The heart 
weighed 600 grams. This hypertrophy was considered to be secondary to the hypertension, 
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The anatomic diagnosis was as follows: (1) clinical history of hypertension and arterio- 


sclerosis; (2) generalized arteriolo- and arteriosclerosis; (3) cardiac hypertrophy, 6C0 grams; (4) 


mvocardial fibrosis (moderate); (5) anomaly of the right coronary artery (originating from pul- 


monary artery); (6) encephalomalacia (left parieto-occipital region). 


EMBRYOLOGICAL ORIGIN OF THE CORONARY ARTERIES 


Feller,'’ in 1931, discussed the embryological bases for the origin of anomalous 
coronary arteries. He demonstrated the spiral rotation of the endocardial ridges 
within the truncus and made an excellent model reconstructing the origins of the 
coronary arteries and their spiral course. One of us (J. G. S.) has been interested 
in these anomalies and has observed that in a human embryo 12 millimeters in 


2 


Fig. 4 Fig. 5. 


Fig. 4.--Both coronary arteries are shown cut transversely in a cross section of the truncus (human embryo 12 milli- 
meters in length). 

Fig. 5.—This sagittal section of the aortic trunk shows that one coronary artery still grooves the endocardial cushion 
human embryo 20 millimeters in length 


length the truncus arteriosus is an elongate tube between the level of the sixth 
aortic arch and the coronary sulcus. Rotary growth of the heart has already 
produced a spiral endocardial ridge reaching downward from the sixth arch and 
partially dividing the truncus into aortic and pulmonary vessels. Just above the 
ventricle, the endocardium again thickens on both sides into a bulbus, forming 
pads which function as valves at this stage. Just above the greatest thickness of 
the lower pads, two minute coronary arteries penetrate the wall and spiral counter- 
clockwise to the coronary sulcus. Fig. 4 shows the coronary arteries cut trans- 
versely in a cross section of the truncus. Each endocardial cushion contains one. 
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Each artery starting at the middle of the surface of the endocardial cushion has 
already been displaced slightly from the midline. When the cushions approach 
and fuse to separate the trunks, displacement of the arteries by a few cell di- 
ameters could determine whether they remain on the aortic or pass to the pul- 
monary wall. 

In the 20 millimeter human embryo the division of the trunk is complete. 
Sagittal section of the aortic trunk in Fig. 5 shows that one coronary artery still 
grooves the endocardial cushion. 

Fig. 6 is a drawing based on Feller’s'® diagram. ‘The interrupted line across 
the diameter indicates the anomalous line of separation which would give the 
coronary openings the relations that are present in the case being reported. It 
should be noted that the final position of this separation depends upon the de- 
scending fusion of the upper endocardial cushions to meet those of the valve 


region. 


“ 


c. 


Endocardial cushions betore + after rotation. Separation of trunks. 


Fig. 6.—This diagram shows the embryological relations of the coronary arteries when a mal- 


formation of the right occurs as in this case. The interrupted line indicates the anomalous line of 


separation, 


DISCUSSION 


From the different types of anomalous coronary arteries reported and from 
their embryology, Soloff' has suggested the occurrence of the following mal- 


formations: 


A. Origin of the right coronary artery from the pulmonary artery. 

B. Origin of the left coronary artery from the pulmonary artery. 

C. Origin of both coronary arteries from the pulmonary artery. 

D. Origin of an accessory coronary artery from the pulmonary artery. 


Only two cases have been found in the literature of type A. Ours is the third. 
The first was reported by Ménckeberg,' in 1914, and occurred in a 30-year-old 
man who died of an epileptic fit with a fracture of the scapula and a dural hemor- 
rhage. The second case was reported by Schley? in 1925. This occurred in a 
syphilitic, 61-year-old man. In these two cases, as well as in ours, the left ven- 
tricle received an adequate circulation for adult life. Death usually occurred 
within three to five months’ in those patients in whom the left coronary artery 


originated from the pulmonary trunk. 
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In each of the three cases where the right coronary arose from the pulmonary 
artery, arteriosclerosis was present in the left coronary artery but was absent in 
the right. Duff'' has recently discussed the problem of sclerosis with reference 
to hypertension. He stated that ‘‘atherosclerotic lesions of the pulmonary artery 
are most common and extensive in association with pulmonary hypertension, 
while it is common knowledge that hypertensive patients are prone to an exces- 
sive development of atherosclerosis.”’ It is suggested that the absence of sclero- 
sis in the right coronary artery and its presence in the left might be influenced by 
the difference in pressure in these two vessels based upon the hypothesis sug- 
gested by Duff." 

Electrocardiograms were not obtained in either of the two cases reported by 
Monckeberg! and Schley? or in ours. It would be of considerable interest, how- 
ever, to know what the electrocardiographic reading would be in such cases. 
Bland and associates” reported a case in which the left coronary arose from the 
pulmonary artery. The electrocardiogram showed normal axis deviation and 
well-marked inversion of the T waves in all leads of the coronary type. Low 
voltage of the QRS complexes was also present. 


SUMMARY 


The third case is reported in which the right coronary artery arose from the 
pulmonary artery. Each of these individuals reached adult life, and our patient 
died at 90 years of age. The embryology of this type of malformation is illus- 
trated from 12 and 20 millimeter human embryos. 
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Review of Recent Advances 


ON CONSISTENCY IN CONVENTION OF SIGN IN) ELECTRO- 
CARDIOGRAPHY AND VECTORCARDIOGRAPHY 


A CRITICAL Essay 


DOUGLAS ROBERTSON, M.A., D.M., MLR.C.P.* 


LONDON, ENGLAND 


1. INTRODUCTION 


B heme appears still to be, as there has been in the past, some contusion of 
thought as regards convention of sign in electrocardiography, particularly 
in the relations between the bipolar limb leads and the unipolar limb and chest 


leads. As examples | quote, some even from recent publications, the following: 


(a an upstroke in the standard leads is considered as a positive de- 
flection, although actually it is not positive.” 
(b “The Einthoven triangle theory should not be confused with the 


Einthoven equation, Lead Il Lead II} + Lead 1, which does not depend on the 


theory.’ 

(c) the unipolar extremity leads are more accurate than the standard 
leads...."" [Italics mine.] These three extracts are from Goldberger’s Unipolar 
Lead Electrocardiography" (pp. 79, 37, and 81). 

(d) In 1937, Hill? observed: ‘In physiological studies such as those of 
Craib and Wilson it is usual to apply the electrodes to strips of muscle, etc., in 
such a fashion that ‘activity’ under the exploring electrode causes upward de- 
flection of the string; i.e., the right arm contact of the string is led off from the 
muscle, the left arm contact from a distant or indifferent point.’ [Single quote 
marks mine. 

(e) In 1950, he still showed signs of confusion, stating:?' ‘...the standard 
physiological technique is to connect the galvanometer so that upward deflection 
of the string indicates relative negativity of the right arm electrode. This is still 
clinical practice in recording the standard E.C.G. leads in I, II, and III. In 
leading from the precordium, however, it has become usual to connect the gal- 
vanometer so that an upward deflection of the string reflects relative positivity of 
the electrode on the chest. I fought a losing battle against this method many 
years ago (Willcox and Lovibond,** Hill”) and, in accordance with democratic 
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principles, have now conformed to the will of the majority. The curves by this 
technique certainly resemble ordinary standard-lead E.C.G., but at a cost of 
complexity of theory that many find perplexing.” 


(f) Macleod*! (1938) stated (p. 178): ‘Since in electrocardiography the 
galvanometer is a/ways arranged that a negative effect produces an upward de- 
flection..."’ [Italics mine. ] 


(g) Very many, if not most, textbooks of electrocardiography and car- 
diology are quite vague about the matter of polarity, and some are even definitely 
misleading. For instance, Paul White, in the second and third editions of /7eart 
Disease, said (p. 180 of third edition, 1947): ‘‘Lead I consists of the connection of 
the right lower arm to one end of the galvanometer string and of the left lower 
arm to the other end, so that the preponderant spread of the action current (which 
has been called the wave of relative negativity) in the direction of the lead, that is, 
from right arm to left, is represented normally in the electrocardiogram by an 
upright deflection of the string shadow, while its reverse deflection is represented 
by an inverted deflection.”” This, | submit, although factually correct and ap- 
parently precise, is rather misleading, for it implies (if not nearly states) that, as 
the left arm electrode becomes relatively more and more negative, so the curve 
moves more and more above the isoelectric line. 


(h) East and Bain," in the current (1948) edition of Recent Advances in 
Cardiology, showed evidence of confusion in wrongly reproducing a figure (Fig. 
93, p. 429 of their text) from a paper of Bayley's. Q; is shown as a positive 
deflection. They have reversed the polarity of R; and Q; of Bayley’s* correctly 
drawn figure. 


The present communication endeavors to correlate and clarify the present 
position regarding polarity in electrocardiography, to demonstrate that the bi- 
polar limb leads are in no way essentially different from the unipolar leads, to 
examine the unipolar chest leads from this point of view, and to extend the argu- 
ment to include vectorcardiography. 


2. BASIC ELECTROPHYSIOLOG\S 


If one takes the simplest possible calibrating circuit (Fig. 1) and connects an 
electrocardiograph to it in the way indicated in the figure (left arm electrode to 
the negative end of the 2 ohm resistance and right arm electrode to the positive 
end, for Lead I position), there is downward deflection of the string (or spot) each 
time the switch (S) is closed. So that relative negativity of the left arm elec- 
trode, as compared with the right, determines downward deflection of the string; 
therefore, relative positivity of the left arm electrode determines upward de- 
flection. So an upstroke in the standard leads is a positive deflection [see Part 
1, (a) and (f)].. With such usual polarity the normal bipolar limb lead electro- 
cardiogram (Lead |) appears in its customary form, with P, R, and T waves up- 
right, i.e., above the isoelectric line [compare (f)].. One might say, in fact, that 
when the wave of excitation travels toward the left arm it is represented by a 
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positive (upright) deflection in the recorded curve. This is essentially the same 
statement as that of Paul White quoted in (g), but bearing exactly the opposite 
implication as regards the polarity of the left arm electrode. 

Similarly, in unipolar lead (limb or chest) electrocardiography, which has 
evolved from a more logical and experimental and less empirical process of 
thought than so-called “standard” (bipolar) limb lead electrocardiography, 
it is well established and accepted that when the wave of excitation is traveling 
toward the “‘exploring”’ electrode, this electrode is relatively positive (to the in- 
different electrode). This is very simply and clearly illustrated by a figure in 


mA.) 


2000 
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Fig. 1 The simplest calibrating circuit. Each time the switch (S) is closed, the right arm end of 
the small (2 ohm) resistance will be 1.0 my. positive to its left arm end, and there is downward deflection 
of the string. 


RS-T 
Fig. 2.—‘‘Quotation figure’’ from Goldberger.'"* Spread of a stimulus through a muscle strip 
toward an applied electrode (Only A, B, and C of the figure are concerned in our present considera- 


tion.) 
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Goldberger’s text" (Fig. 2), in a different way, but very well, in the paper by 
Macleod*! already quoted (Fig. 3), but most beautifully and simply by an illus- 
tration in Lewis’ The Mechanism and Graphic Registration of the Heart Beat*® 
(Fig. 4). Conversely, when the wave of excitation is moving away from a uni- 
polar lead position, the electrode is left negative and the deflection is below the 
line. (Fig. 5, A) This is also well supported by the studies of a number of ob- 
servers who have examined intracardiac electrocardiograms by cardiac catheteri- 


zation.2?> And similarly, when a wave of excitation passes laterally beneath a 
Cc B A 
WY 
+ + 
N 


Fig. 5.—A diagram representing a muscle strip is shown in which the active 
process is progressing toward the right. The shaded area is the active portion 
at a given moment. The depth of the shading roughly indicates the degree of 
activity. 

A indicates junction of resting and active muscle. 

BC indicates region of decreasing activity. 


i+ 
D : Cc B A 


Fig. 6.—A muscle strip is shown in which the active process is progressing toward 
the right. The active region is divided into small segments. Each is supposed to 
be in a uniform state of activity throughout its extent. In the region AB activity 
is increasing and each successive segment is more active than its neighbor to the 
right. In the region CD each segment is less active than its neighbor to the right. 
A potential difference exists between every two adjacent segments if their states 
of activity are different. In the transitional regions trains of doublets thus arise. 
These trains are equivalent to a positive and negative pole separated by their 
length. The total change in potential is the same for both transitions. Thus a 
given length of muscle 2:2. contains a smaller proportion of the total if it is in 
the region CD as depicted than if it were in the region AB 


Fig. 3..—‘‘Quotation figure’ from Macleod.*! 
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Fig. 40. A diagram illustrating the electrical condition of the S-A node at the beginning of 
auricular activity. The muscle in this region becomes relatively negative to all other points 
on the auricular surface. 


Fig. 4.—‘‘Quotation figure’’ from Lewis.** 
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unipolar lead location, it is positive (above the line) while it is moving toward 
the electrode and negative (below the line) when it has passed beyond the elec- 
trode and is now moving away from it (Fig. 5, B). This is really no more than a 
definition of the “intrinsic deflection” of Lewis, but an argument put forward 
here is that “extrinsic deflections’ of the heart affect the electrode in no way 
differently, as regards their progression and polarity, than does the intrinsic de- 
lection; they only differ in the amounts of their effects on the electrode. This 
argument is examined in rather more detail in a later paragraph 

Lewis had clear ideas regarding polarity, as is evident from the bipolar lead 
experiment illustrated in Figs. 68 and 69 from The Mechanism and Graphic 
Registration of the Heart Beat (big. 6). Here it is very clear that the ‘‘main de- 
flection’’ passes through the heart from right to left toward the electrode repre- 
‘initial 


senting the left arm (the C — copper — positive electrode), while the 
deflection” travels dromically or antidromically with the main deflection, ac- 
cording to whether the outer or the inner surface of the right ventricular wall has 
been stimulated. This observation has recently been confirmed by Attyah.! 


W 


~< 


Fig. 5 Land 3B, “Quotation figures” from Goldberger." 


lt is almost self-evident that if the wave of excitation spreads through the 
heart as a wave ol electronegativity, which is the fact, then this wave of negativity 
must move toward the positive of a pair of electrodes connected, in any fashion, 
to the heart. Such an oversimplified statement, however, is at first sight in con- 
flict with the doublet (or dipole) conception of Craib® and the ‘“‘bipolar’’ theory 
of Wilson and co-workers,” which have proved so fruitful in the evolution of the 
theory of electrocardiography. For, according to these theories, the wave of 
excitation proceeds through the myocardium as a doublet (anode and cathode, or 
“source and sink’’), with the positive pole leading; and it is inconceivable to 
visualize a positive wave front as attracted toward the positive electrode. 
If we use the language of static electricity: like charges repel, they do not 
attract, one another. 

Nevertheless, further reflection will reveal that these theories (the so-called 
“negativity’’ theory and the doublet or dipole theory) are probably not so much 
in conflict as it would appear. 

A negative charge (Q) (Fig. 7), which represents the wave of negativity 


passing through the muscle, or myocardium, moves toward an applied elec- 
trode (2). It is apparent that, during the time Q is moving toward E, FE must be 
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charged positively, relative to another electrode applied to the muscle strip ‘“‘be- 
hind” the moving charge (Fig. 7,4), and that during this time current flows, in an 
outside circuit connecting the electrodes, from £ to J; just as in the ordinary 
battery the passage of the negatively charged anions, from cathode to anode, 
determines a flow of current (in the outside circuit) from anode to cathode. The 
same thing will happen under unipolar conditions (Fig. 7,B), as has been abund- 
antly proved by numbers of observers, notably Craib and Wilson. Moreover, if 
the charge is moving at a uniform rate, the potential of / will increase logarith- 
mically, since the effect of Q on E will become the greater, as it approaches, by 
the inverse square of the distance between them. This is indicated in the dia- 
gram, and it will be noted that the curve of potential (of /) exactly parallels the 


Fig. 68. Diagrams illustrating an experiment on the dog's heart. The electrocardiograms 
produced by stimulating the pericardial (23) and endocardial surface (C) of the right ventricle 
are shown in Fig. 69. 


Fig. 69. (Archives of internal Medicine, 1922, xxx, 269, Fig. 4.) (* 9) Anexample of four distinct 
experiments. ne lead was from the right chest wail to the left chest wall (contacts Z and 
C of Fig. 68 A), and the wall of the right ventricle was stimulated at its pericardial surface 
(left hand record), and on its endocardial surface (right hand record). In the last case a 
small pair of long insulated stimulating electrodes was introduced through a small slit in 
the wall of the conus or through the jugular vein. The two points of stimulation (inside and 
outside) lay no more than 0-5 cm. from each other. The curves differ in one respect, the 
right hand curve begins with an initial phase i directed downward, in the left hand curve 
this phase is directed upward. These initial of the curves pg me to involvement 
of the wall at the point stimulated, the involvement being in opposite directions in the two 
circumstances. main deflection m is similar in both curves ; it represents spread from 
right to left in the ventricles as a whole. Curves of this kind are obtained most 
the lungs are well inflated so that good contact is maintained between the sides of the heart 
and the chest wall. ane See curves represent responses to rhythmic break shocks ; 
single shocks give similar effects, The stimulus is d electrically i 
curves are not distorted by the stimuli, as the time relations of stimulus and show 
moreover, when the direction in which the stimulus entered was reversed Hey 
curves was unaffected. 


Fig. 6.—‘‘Quotation figures’’ from Lewis.*° 
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curves (both calculated and observed) of Craib,® Wilson and associates,” and 
Macleod’! which were based on the doublet or dipole concept of the excitation 
wave. Similarly (Fig. 7,C), as Q later moves away from E, the potential of E 
will swing abruptly negative at the time when Q is passing beneath it and then 
decrease logarithmically as it recedes away from it. This is the matter regarded 
electrically. 

One can imagine the intimate state of affairs to be somewhat as represented 
diagrammatically in Fig. 8. When activated, each muscle fiber will switch, 


A. A negative charge (Q) moves tcwards an avvlied 
electrode (Z). The electrode mst become increas- 
ingly positive, and current ill flew in an external 
circuit in the directicn indicated. 

Binolar ccnditions. 


7 Wy TT 


strip of muscle. 


Indifferent electrode. 
Exploring electrode. 


7 B. Unipolar conditions. 
(After Goldberger ). 


The muscle strip is 
immersed in a large 
volume of semi-conductor. 


C. The negative charge has now moved past 


the electrode, which is left negative 
as the charge moves away from it. 


Fig. 7.—-Illustrating the potential variations of an electrode applied to a strip of heart 
muscle as a negative charge moves toward and past the electrode. 
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immediately and as a unit, from its polarized to its depolarized condition, and the 
outside of the membrane surrounding it will become negative, relative to its 
polarized (inactive) state. The wave of accession through a strip of muscle will 
therefore proceed by a number of microscopic jumps, or quanta, as each muscle 
fiber is successively depolarized. So that, at every moment of time, there will 
be, as it were, a “front’’ of negativity (V...N) moving toward the applied 
electrode, which will become more and more positive as the wave of 
activated muscle sweeps toward it. The total number of activated (depolarized) 


‘ 


muscle fibers within the strip of muscle constitutes the “negative charge” (Q) 


Connective tissue 


muscle fibres ~ 
+ \ + + + 
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Fig. 8. —Schematic analysis of the membrane potentials of the muscle cells constituting a strip of 
heart muscle as a wave of excitation sweeps through it from left to right. Each cell is supposed to be 
depolarized as a unit (quantum), so that there is a wave, or ‘‘front,’’ of negativity moving toward an 
electrode applied to the right-hand end of the muscle strip 


| 
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of the preceding paragraph. The potential (E.M.F.) of the whole muscle strip 
can never exceed that of each individual muscle fiber, and a ‘‘supernormal phase”’ 
is easily accounted for. This hypothesis is therefore compatible with recent ex- 
perimental findings for single cardiac muscle fibers.” 

This idea of a moving wave of negativity is not elaborated any further in the 
present paper, but enough has been said to show that the old-fashioned ‘‘nega- 
tivity hypothesis” is not fundamentally incompatible with the doublet or bipolar 
hypothesis, provided matters are regarded dynamically; that the accent, in fact, 
is on the movement of the wave. 

In the opinion of the present writer, two factors have principally contributed 
toward past and present confusion of thought regarding the polarity of the 


standard (bipolar) limb leads. 


= 
== 
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Fig. 9.—*‘Quotation figure" from Wilson and associates,” The upper curve only is considered in the text 

The first is that hitherto the mental point of reference, so to speak, has 
usually been the right arm (considering Lead 1), whereas, if the focus of attention 
had been transferred to the left arm, less confusion would probably have occurred. 
For example, Wilson and Johnston,“ when discussing vectorcardiography, stated: 
‘The polarity is so arranged that relative negativity of the right arm electrode 
displaces the spot to the right, and relative positivity of this electrode displaces it 
to the left."" This is, of course, correct, as viewed by the observer, though not 
“right” or “‘left’’ as regards the patient. But my present point is that they 
preferred negativity and the right arm, rather than positivity and the left arm. 

The second factor is that Wilson, in his early experiments and during the time 
he was evolving his fundamental theoretical bases, most unfortunately chose to 
record his results in the opposite polarity. | quote from “Currents of Action and 
of Injury” (footnote to his p. 9): ‘Hereafter we shall refer to the electrode 
placed on or near the heart as the exploring or proximal electrode; and to the 
electrode placed at a distance from it as the indifferent or distal electrode. In 


these leads the galvanometer attachments are made in such a way that relative 
negativity of the exploring electrode yields an upward deflection in the completed 
record.” Fig. 9 shows one of his recorded results from the same publication. 


| 

Fic. 3. Top curve: Direct lead from a point on the surface of the auricle of a large 
dog, midway between the rend of the sulcus terminalis and the tip of the 
ight auricular appendi =. pward deflection indicates relative negativity 
electrode. Indifferent electrode on left hind leg. 10 milli- 
volts = 2 Deflection time of string for 10 millivolts abour 
6.0028 seconds. Slight overshooting. Duration of 

intrinsic auricular ion, about comparator). 
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Incidentally, the complex marked x of this record illustrates very nicely our present thesis: 
that the exploring electrode records a logarithmically increasing positive deflection as the wave of 
activity moves toward it, a quick switch-over as the wave passes under it, and a logarithmically 
diminishing wave of negativity as it passes away from it. Macleod’s*' experimental results 
(Fig. 10) also show this very well; here again the polarity is the same (negative above, positive 
below the line). Wilson's earlier chest lead electrocardiograms (Fig. 11, A and B) are, as is well 


known, in reverse of the now customary polarity. 
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Fig. 10. “‘Quotation figure’’ from Macleod We are only concerned 


with Cin our present consideration, ) 


In 1938, a joint committee of the British Cardiac Society and the American 
Heart Association agreed that, for the future, the convention of sign for chest 
leads, both unipolar and semiunipolar, would be: positive above, and negative 
below, the isoelectric line.** By that time, Wilson*® had already proposed the use 
of unipolar extremity leads, though in Great Britain there was no official recog- 
nition of these until 1949 when a similar committee included them in a further 
memorandum® which conformed entirely with a previous (1943) committee’s 
recommendations in America.** What is now stressed is that, in making their 
(1938) recommendations, the committee made the unipolar leads entirely con- 
sistent in polarity with the bipolar limb leads, not inconsistent, as some workers 
would appear to think, judging by some of the extracts quoted at the beginning 
of this communication (especially [e] of the Introduction). 

The idea of the excitation wave as moving, and moving in a specified direction, 
as already touched on, will suggest that it may be represented as a vector; and, 
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when one begins to think vectorially, such confusions of sign as have been dis- 
cussed will tend to disappear. For example, the writings of Bayley,*-> Gardberg 
and Ashman,'' and most others®:'??? who use vectorial representation show no 


evidence of any confusion of sign. 


- 
3 
= — 
=" 
— = 
+ 
+ 
=~ 
+> 
+ 
+ 
+ 
= + 
=: 
3 
=== 0.032} 
e 
= 
= —— 0,007 = 
3 = 
3 


. 5.—Case 1. A series of four precordial leads, each recorded simultaneously 
with Lead 1. The introduction of one millivolt into the circuit produced a deflection 


of 7 mm. in semidirect Leads I and III, and of 8 mm. in semidirect Leads I and IV. 
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tig. 11.—A and B, Examples of Wilson's": early chest lead electrocardiograms, 


Their polarity is the reverse of that now universally agreed upon. 
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3. THE GENERAL RELATIONS BETWEEN UNIPOLAR AND BIPOLAR LIMB LEADS 
(WITH AN ARGUMENT FOR THE REVERSAL OF SIGN OF LEAD VR) 


Kinthoven, in his original published electrocardiograms, was not concerned 
with matters of polarity, but simply arranged that the main deflections in the 
three leads should be shown as upright in the finished curves. Further, because 
he selected the leads according to the directions of the anatomical and usual 
greatest electrical axes of the auricles and ventricles so that he could secure a 
certain uniformity of the tracings so obtained, his triangle is not arranged in a 
continuous clockwise sense, but in the directions from right to left and from above 
downward. This (understandable) inconsistency was unfortunate, for it has 


occasioned much confusion of thought since. 


Wilson. 
Einthoven. 
Fig. 12.—-Illustrating the essential difference between Wilson's 


and Einthoven's triangular coordinate systems. 


Wilson (as already indicated), arguing more fundamentally, first proposed 
unipolar limb leads (in 1931), and his argument has been extended by Goldberger 
(1942) with the use of augmented unipolar limb leads. Wilson and co-workers 
(and Goldberger) have presented logical systems for the resolution of the com- 
posite cardiac vector,* but both these systems conflict with Einthoven’s in one 
particular, which is, essentially, just this difference between a triangular coor- 
dinate system arranged in a continuous clockwise sense (Wilson and Goldberger) 
and Einthoven's arrangement (Fig. 12). The meaning of this will become 


clearer as the argument develops. 


*See following footnote. 
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It has always been stressed that Einthoven’s triangle represents voltages in the frontal plane 
and that it does not take into account voltages which are apparent in depth, i.e., in the sagittal 
or horizontal planes. Nevertheless, this is not quite true, and it is well known that events affect- 
ing the posterior myocardium, e.g., an infarct, may be evident in Leads II, III, and Vp, whereas 
Leads I, Vi, Vr, and the customary six (or seven) chest leads are frequently normal in some such 
cases. <A likely explanation is that the great vessels, more especially the aorta as it goes to the 
legs, proceed somewhat posteriorly from the heart; and since blood and the substance of the vessels 
are comparatively good conductors of electricity, as compared with air-filled lung, fat, or bone, 
there will be some conduction of voltages in an anteroposterior direction in addition to the major 
conduction, laterally and upward and downward in the frontal plane; this will especially affect the 
leg electrode, which is the one factor common to these three leads. 


RA 


\ 


tL 


Fig. 13 A, Lead lines from the center pcint of the triangle represent the unipolar limb leads 
B, The projection of the composite cardiac vector in each unipolar lead line is its direction cosine in the 
lead line in question. C, The Einthoven bipolar lead lines, which may be made directly comparable with 
the unipolar lead lines by transposing them to the center point of the triangle, as in D 


Nevertheless, obviously, the same conditions are present for the unipolar as for the bipolar 
extremity leads, so that these two systems are quite (or nearly) strictly comparable. 


The unipolar limb leads may be represented in Einthoven’s triangle by “lead 
lines’’ drawn from the center point of the triangle to its apices (Fig. 13,4). With 


customary convention, a derived voltage (of the composite cardiac vector*) 


*l use the expression ‘‘composite cardiac vector Grant'’ uses the term ‘‘mean (QRS) vector,” 
Holzmann” the expression ‘‘summation dipole."' All these are the equivalent of Einthoven's ‘axis of 
the moment” and imply that the vector of potential, at any moment of time, is the vector sum of all the 
various potentials present in the myocardium at that particular moment. The matter is discussed in 
rather more detail in a later paragraph (5,A). 
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which goes ‘‘toward”’ a lead location (e.g., Vy, in the diagram) is designated as 
positive (+) and one which goes ‘‘away”’ from the lead location is designated as 
negative (—). By simple geometrical construction it is evident that the com- 
ponent (e) of the composite cardiac vector (£) which will appear in any given lead 
will be represented by the “‘direction cosine’: e— E.cos®0, where @ is the angle 
which the compésite cardiac vector makes with the lead line in question (Fig. 
13,B). 

Further, at any moment of time, the voltages which are apparent along all 
the lead lines must be algebraically equal to zero: 


or Vat Vit Vr=0 


This is merely a statement of Kirchoff’s law and is really a self-evident fact, 
but with one proviso: That the resistance from the center of potential to each 
lead location is the same. For practical purposes this is so, when one considers 
the comparatively low voltages and high resistances concerned. This law holds 
good for any electrical circuit and any system of coordinates, not only for Ein- 
thoven’s triangular coordinate system. 

The bipolar leads, on the other hand, are voltages appearing befween the lead 
locations and will, therefore, be represented as voltages along the sides of the 
triangle (Fig. 13,C). Nevertheless, it is quite proper to transfer each side of the 
triangle to the center point of the triangle by drawing a line through that point 
and parallel to the side in question (Fig. 13,D).* This is no more than a state- 
ment of the so-called star-delta transformation, familiar to all students of al- 
ternating current theory. The lengths and directions of the components 
of the composite cardiac vector, as they appear in each bipolar lead, 
are the same when transferred to the equivalent lead line drawn through the 
center point of the triangle. The component of the composite cardiac vector 
which appears in each bipolar lead is, as before, e.cos@, where 0 is, again, the 
angle between the composite cardiac vector and the particular bipolar lead line 
under consideration. 

By such transformation, the unipolar and bipolar leads can be conveniently 
combined in one coordinate system represented by a hexaxon, the axes of which 
intersect at the center point and are 30 degrees apart radially (Fig. 14). The 
axis of the moment (composite cardiac vector) (/2) may then be represented 
trigonometrically by E.cos® in, or geometrically by dropping a perpendicular 
from its terminus onto, the lead line in question, so that there is a regular pro- 
cession of the leads, in a clockwise sense, from \V,, to III, provided Lead Vx is re- 


garded in mirror image (— VR). 
Kinthoven’s equation: 
Lead II] — Lead I+ Lead III 
is electrically more properly expressed as: 
Lead + (—Lead + Lead III 


*So far as can be ascertained, this method was first published in electrocardiographic literature by 
Bayley in 1942, but it has been used by the present author since 1934 (unpublished). 
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Fig. 14 The hexaxon reference system for showing the value of the composite cardiac vector (in 
the frontal plane) in each of the unipolar and bipolar limb leads Firstsystem. Thereisa regular clock- 


wise progression of the leads from V1. to IIT, provided Vr is regarded in mirror image (—Vr) 


Ve 


Here the system is again symmetrical, a pair of leads being 
II). 


Fig. 15.—Same as Fig. 14. Second system. 
associated with each corner of the triangle, provided Lead II is regarded in mirror image 
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and would thus become strictly comparable with the (already mentioned) uni- 
polar lead equation: 


Vat V: 0 


This follows directly from the fact that Einthoven™ deliberately chose to 
represent the cardiac voltages as appearing from right to left and from above 
downward, as has already been stated, rather than (more logically) in a continuous 
clockwise sense, in which case Lead I], as we are accustomed to regard it, would 
appear upside down. So that, from the other point of view, the hexaxon system 
would also be symmetrical if Lead II is regarded in mirror image (upside down), 
the unipolar leads remaining as at present. ‘There would then be a pair of leads 
associated with each corner of the triangle, the unipolar lead and the associated 


bipolar lead appearing 30 degrees in advance (clockwise) (lig. 15). 


Left 


Ld 


Fig. 16 “Quotation figure’ from Wilson and Johnston.' 


For nearly fifty years, ever since the advent of clectrocardiography, it has 
been customary to regard voltages appearing above the zero line as normal 
(broadly speaking); for example, an “upright” TD wave, in whichever lead it may 
appear, has been accepted as a consistently normal finding. For a normal ‘J 
wave to appear inverted in unipolar lead Vp would, therefore, appear to be 
(superficially) anomalous, and, if Einthoven’s conventions for the equilateral 
triangle coordinate system are accepted, it certainly is anomalous. On the other 
hand, if we accept the convention that all voltages which go toward a unipolar 
lead location are to be regarded as positive, while those which go away from a 


unipolar lead location are considered negative, following the logical arguments of 
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Wilson, Bayley, and Goldberger, then the customary polarity of Einthoven’s 
(bipolar) Lead II becomes anomalous, as has been contended previously. It is 
suggested that there should be agreement as to which convention is to be ac- 
cepted—Einthoven’'s or Wilson’s? 

It is tentatively suggested that the answer to this question has been given by 
Wilson himself and is implicit in the following quotation from his paper (with 
Johnston) on the vectorcardiogram.“ Discussing Fig. 2 of their text (Fig. 16), 
they said: 

“It will be noted that Leads II and III are inverted. It would, of course, be 
possible to avoid this by reversing the polarity of the vertical component of the 
cardiac vector, but this cannot be done without violating the convention estab- 
lished by Einthoven, who represented the heart’s electromotive force by an arrow 
pointing in the minus-plus direction, or from the active toward the resting muscle. 
This convention has been universally accepted, and it should not now be abandoned.” 
[Italics mine.] 

In other words, Wilson himself considers that we should continue to follow 
the original right-to-left and from above downward convention of Einthoven. 
May we not therefore be consistent and reverse the sign of Vp? 

Commenting on the above quotation, it is observed that Lead III is no more inverted than 


Lead I might be considered to be. It is Lead II that is inverted, and this is also evident when one 


considers the temporal sequence of each of the leads as drawn. Leads I and III proceed from 
‘without inward” in to the triangle, whereas Lead II proceeds from ‘‘within outward” out from 


the triangle. Fig. 22 of Holzmann's textbook?’ (Fig. 17) shows the same thing, but without the 


high degree of left axis deviation shown in Wilson and Johnston's diagram. The “inversion” of 


Lead II is a necessary consequence of Einthoven’s conventions. 


4. THE NUMERICAL RELATIONS BETWEEN UNIPOLAR AND BIPOLAR LIMB LEADS 


A. Numerical Relations Between Bipolar and Wilson Unipolar Limb Leads.* 
As has already been noted, the lead lines of both unipolar and bipolar limb 
leads can be represented geometrically as an equiangular triaxial figure (triaxon) 
drawn through the common center point. These two may be combined as an 
equiangular hexaxon. Expressed in terms of the angle a, the lead axes may be 
defined as follows: 
+ 150° Lead V, 
180° — 0° — Lead | 


— 150° —_ + 30° Lead Vp 
— 120° + 60° Lead I] 
— 90°— + 90° — Lead V; 


— +120° Lead III 


If Lead Vx is regarded in mirror image (— Va), we can thus obtain a uniform 
“lead scale’ in which each lead line is uniformly displaced clockwise through an 
angle of 30 degrees; we can then easily survey the relationships to one another of 
the electrocardiographic recordings in the six (extremity) leads (Fig. 14). 

This hexaxon allows us to define the value of each manifest vector in the 
frontal plane in each of the lead axes by reference to the angle (0) which it makes 


*This subsection is quoted almost verbatim from the present author's translation of Holzmann's 


Klinische Elektrokardiographie, second edition (in press). 
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with, and its projected size (e) in, the axis in question. But because the unipolar 
lead system differs from the bipolar lead system, the sizes of the components of 
the manifest vector in the two systems differ as well. 

The fundamental relationships between the two lead systems are expressed 
by: 


Lead | V1 Vr 
Lead I] Ve— Vr 
Lead II] Vr- Vi 


Abb. 22 
Die Konstruktion des frontalen Vektordiagrammes aus den drei Extremitatenableitungen, 


Fig. 17 ‘Quotation figure” from Holzmann.2? 


and conversely: 


Lead | + Lead I] 


Lead | Lead II] 
Lead II + Lead III 
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\s an example, the equation for Lead Vp works out from the bipolar lead equations as follows: 
Lead | + Lead Il = Vi — Va + Ve — Vr = Ve — 2 Ver 
and, since from the basic hypothesis of Einthoven’s triangle: 
Ve+ Vit Vi 0, or Vi+ Vi —Vir 
therefore: 


Lead I + Lead II 


Lead | T Lead I] rR, OF Ve 


‘rom these equations the following practical formal relationships are evident: 
Ve represents the sum of the mirror images of Leads | and II. 

\. represents the sum of Lead | with the mirror image of Lead III. 

\'y represents the sum of Lead II and Lead III. 


It is therefore evident that bipolar leads which proceed toward a unipolar 
lead location work out in a positive sense, while those which go away from a 
unipolar lead position work out in a negative sense. ‘The tracings of the unipolar 
leads can then quickly be constructed from the three bipolar leads. 

Whereas the unipolar limb lead potentials of the manifest vector can be ex- 
pressed, in the axis concerned, by eVi; eVr: Ve= this ts not so 
for the bipolar limb leads. These are better expressed by the equation: 


Bipolar lead — e.v3 


For example, Lead I works out (in this way) as follows: 


Lead I Vi— Vr — “vi 
Since Ey, E.cos (a + 30°) and Cy, = E.cos (a — 33°), therefore, by elementary trigonometry: 
Lead I E. (cosa. cos 30° + sina. sin 30° + cosa. cos 33° — sina. sin 30 ..2 cosa. cos 30 
V3 
and since cos 30° 4 Lead | E.cosa. ¥3. Further, since e; E.cosa, Lead | er. v3. 


From this, it follows that bipolar are equivalent to unipolar potential values 
in the ratio V3:1, or 1.73:1 and that, with equal calibration, the unipolar limb 


leads show a correspondingly less deflection. So that, for a consistent reckoning 


of the manifest vector in the unipolar leads, the calibration must be 1 mv. = 1.73 
cm. if it is to remain at 1 mv. — 1.0 cm. for the bipolar leads. If, as proposed by 
Wilson, the unipolar limb leads are recorded at a calibration of 1 mv. = 2.0 cm., 


then, to get an equivalent size of projection for the vector in the bipolar leads, the 
bipolar leads must be calibrated in the proportion 2.0:1.73, i.e., 1 mv. — 1.16 em. 


Fundamentally, the whole of the matters dealt with in this section may be summarized by a 


consideration of the Pythagorean principles involved in the consideration of a 39 degree right- 


angled triangle, for cos 37° , and sin 33° >. 


B. Numerical Relations Between Bipolar and Augmented Untpolar (Gold- 
berger) Limb Leads.--Without reiterating Goldberger’s arguments, it is apparent 
that his augmented unipolar limb leads are the same as the classical unipolar limb 
leads of Wilson, but in the proportion 3:2 (1.5:1). It will therefore be apparent 
(from the preceding section) that bipolar limb leads are equivalent to augmented 


_ 
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unipolar limb leads in the ratio, bipolar, 1.73 : unipolar (augmented), 1.5. So 
that, if the electrocardiograph is calibrated for standard bipolar leads at 1.0 mv. 
1.0 cm., it should be calibrated at 1.0 mv. = 1.15 cm. for (Goldberger) augmented 
unipolar leads. 
5. VECTORCARDIOGRAPHY 

A. Convention of Sign in Vectorcardiography.—l{ it is accepted that the 
unipolar and bipolar limb leads, as they appear in the frontal plane, are a con- 
sistent system of voltages, derived from the composite cardiac vector (evident at 
any moment of time), and if we accept Einthoven’s conventions of sign, then we 
must adopt positive convention of sign for the parent composite cardiac vector, 
following Schellong and associates,***? Hollmann and co-workers,” Bayley, 
Grant, Kossmann, and most others. That is to say, the origin of the vector is 
regarded as negative, while the wandering end (arrowhead, or terminus) of the 


vector is regarded as positive. 


Fic. 18, — De haut en bas et de gauche A droite 


1) ligne : ECG en VF, passage progressif en ECVG 
(¢lectrocardio-vectographie frontale), puis vectogramme 
frontal (rotation droite horaire des vecteurs) ; _ 


2) ligne : ECG en V2, passage en ECVG horizontale, 
puis vectogr horizontal (celui de la fig. 17 (c) ; 

3) ligne Vectogramme horizontal précédent trés 
am m Volt 10 mm. Remarquer |'amplitude 
de la boucle P. 


Hypertrophies ventriculaire et auriculaire droites 
dans un cas de tétrade de Fallot, sujet de 12 ans. 


Fig. 18.—‘‘Quotation figure’ from Milovanovich,’ illustrating his ‘‘electrocardiovectogram,” 


There does not appear to be any advantage in the negative system of nota- 
tion of Milovanovich,® in which the parent vector is shown exactly in reverse 
(180 degrees) to the preceding, the positive end of the vector being considered as 
fixed and the negative end as wandering. 

It would seem that the main reason that Milovanovich has adopted this negative polarity is 
to be able to change, in a gradual and smooth manner, from a single lead (e.g., Vr) to what he calls 
the “electrocardiovectogram” (Fig. 18), which represents a temporal progression (from left to 
right) of the vectorcardiogram. This is the same as the “‘triogram”’ of Hollmann,?¢ or rather his 
‘“Registriertriogram” (Fig. 19), though Hollmann, by his vertical representation, is able to pre- 


| 
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serve correct polarity. It is not the same as the “monocardiogram” of Mann,® for the mono- 
cardiogram is a series of “frames” of the vectorcardiogram, each frame being static (as in a cinema 
film strip) and proceeding to the next frame by a quick jump forward, whereas the electrocardio- 


vectogram (ECVG) proceeds continuously. 


Abb. 3. Physiologisches Ekg. mit Tricgramm. 
Der Herzvektor lduft im Ubrzeigersinn. 


Abb. 4. Triogramm bei Linkstyp. 
Der Herzvektor lAuft im Gegenuhrzeigersinn. 


Mig. 19. ~The “ Registriertriogram”™ of Hollmann,?6 which is essentially the same as the “electrocardio- 
vectogram,"’ but preserves correct polarity by its vertical representation 


Mann and Milovanovich have both adopted negative polarity their 
representations, and this causes considerable confusion when one tries to cor- 
relate the vectorcardiogram with the electrocardiogram. The only logical and 
orderly method of analysis of the vectorcardiogram is to consider it as orientated 
in some framework of coordinates, as had been attempted in the preceding sec- 
tion of the present communication, and so mentally to “tilt’’ the derived electro- 


cardiogram in accordance with the particular coordinate under consideration. 


| 
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As has been shown, this must make us adopt positive polarity for the vector- 
cardiogram as for the electrocardiogram. 
It would seem that the only advantage in the electrocardiovectogram of Milovanovich 


is that it gives an immediate indication of the sense of rotation of the vector. It cannot be 


said that the curves (Fig. 20) produced are, in all cases, either pleasing or clear. 


Fic. 20. — Exemple d’extrasystoles ventriculaires au cardiovectographe. 


Fig. 20. Another of Milovanovich.® 


Fig. 21 “Quotation figure’’ from Milovanovich'’s monograph’ criticized in the text. A, Diagram 
of opposing vectors in the anterior and posterior ventricular walls; B, the result of infarction of the an- 
terior wall, which now leaves the activity of the posterior wall unopposed. 


But an even more cogent argument against the adoption of negative polarity 
is inherent in one of Milovanovich’s own diagrams (Fig. 21, which is also Fig. 21 
of his monograph). This figure shows how the progressions of the wave of ex- 
citation, from within outward through the anterior and posterior wa'ls of the 
ventricle, are normally in opposition (A), but when there is an infarct with dead 
muscle in the anterior wall, the spread of excitation through the posterior wall is 
left unopposed, so that the R wave disappears in unipolar chest lead Vo. 

It has been shown by numbers of observers**°*’ and is generally agreed that, 
during the wave of accession, the potential of the cavity of the ventricle is nega- 


} 
| 
| 
| 
| 
As \ 
A-(B) 
Vp 
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tive with respect to its epicardial surface; and it is also largely agreed (i.e., with 
only minor modifications) that the spread of the wave of accession through the 
ventricular wall proceeds from within outward. So that (as in Fig. 21,B), if the 
spread of activity through the distal (to the electrode) wall of the ventricle is left 
unopposed, because of the inactivity of the proximal wall, the electrode must 
surely have a negative (below the line) potential during this time, and this is so. 
Further, if the normal activity of a part of the ventricular wall is lacking, as in 
infarction, and if the wave of accession proceeds from within outward through 
the ventricular wall, then the (by and large) now unbalanced activity of the re- 
maining healthy myocardium must point away from the infarcted area, not 
toward it, as Milovanovich’s conventions necessitate. 

Duchosal and Sulzer'’ adopt the same negative polarity as Milovanovich, 
and the vectorcardiograms shown in their monograph are essentially similar. 
They discuss the question of the polarity of the vector in one section. 

Although not actually stated as such, it is understood that their argument is 
that because the wave of accession of the cardiac impulse is a negative wave, it is 
logical to represent the ‘front’ of this wave as a wave of negativity, so that the 
moving (terminal) end of the vector should therefore be considered negative, 
while the positive end is considered fixed. At first sight this would appear to be 
convincing and correct, but a little reflection will show that it makes some un- 
justifiable assumptions and fails to take into account certain facts. 

Now the composite cardiac vector (mean vector, summation dipole, axis of 
the moment), as it appears at any moment of time, represents the vector sum of 
all those waves of accession (depolarization) or, later, regression (repolarization ) 
which are passing simultaneously in many different directions through the myo- 
cardium at that particular moment of time. Some are proceeding toward, some 
away from, some passing laterally or obliquely across, the location of any electrode 
or lead axis. Therefore, to consider the vector as giving an exact picture of the 
passage of activity through the myocardium gives an oversimplified and false 
impression of what is actually occurring: the vector can only be considered as 
representing the dominant trend of activity in the myocardium at the moment of 
time under consideration. It is quite impossible, and even undesirable, to at- 
tempt to dissociate the vector from the coordinate system in which it is repre- 
sented, and, in essence, the progression of the terminus of the vector signifies no 
more than its passage toward, or away from, the different lead locations, wherever 
they may be placed. 

It is reasonable to relate the vector to the position of the heart in the body, 
to consider its modification by overbearing ventricular hypertrophy, by cardiac 
infarction (in various positions), by bundle branch block, by difference between 
the rates of repolarization of the inner and outer layers of the ventricular walls 
(coronary insufficiency and pericarditis modifications), and so on; and it is right, 
and an elegant simplification, to show that the composite vector is the parent of 
the waves as they are manifest in the various lead axes. But one should not go 
beyond this and attempt to see in the vectorgram the exact course of the cardiac 
impulse, for such it is not. To regard the vectorgram in this way can only lead 


to confusion. Vectorcardiography should be a method of mental synthesis of the 
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derived curves and used as an aid to their interpretation, not empirically. By its 
method the dry bones of classical electrocardiography become alive, and one is 
better able to visualize the position of the heart and what is happening in the 
myocardium. 

Recent papers by Grant®-'’ express very well the point of view advocated 
here. He demonstrates a simple system of deriving the vector from the standard 
bipolar leads which involves no complicated mathematics and which gives a clear 
mental picture of what is happening in the myocardium during each moment of 
the inscription of the electrocardiogram. 


big. 6. Sujet normal. 24 ane. IMcomposition du VG frental on dérivations standard 
rt dee members aver tes correspondants. 


Fig. 22. -One of Duchosal's'” vectorcardiographic constructions, criticized in the text, 


Further evidence of the inconsistency of Duchosal’s negative system of 
notation is also apparent if any one of his vectorcardiograms is considered where 
the scalar electrocardiograms, in various leads, are set round the figure. One of 
his normal curves is reproduced in Fig. 22. It will be observed that Leads Vr, 
II, and Vy are shown as proceeding from ‘without inward” into the triangle, 
while Leads I, V,, and III are shown as going from “‘within outward” from the 
triangle; moreover, although Leads I, II, and III are shown, though in reversed 
polarity, correctly orientated, yet Vr, Vi, and Vp are shown orientated at right 
angles to their proper directions. 

I cannot therefore agree with Grishman and co-workers!® when they say: 
“Although the latter investigators [Duchosal and Sulzer] are correct in their 
reasoning for reversing the polarity...."’ It is significant that Duchosal has since 
changed his conventions and now adopts positive convention of sign. It would 
seem, however, that Milovanovich remains still to be convinced. 
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The main point | wish to make here is that if the electrocardiogram, as it 
appears in the unipolar and bipolar leads, is no more than a derived voltage from 
the composite cardiac vector, then positive polarity for the terminus of the parent 
vector must be accepted. And it would seem that, from all points of view, the 
arguments for the adoption of positive convention of sign in vectorcardiography, 
as originally assumed by Schellong, Hollmann, and others, are imperative and 
should be agreed upon if there is to be consistency of convention of sign. 


B. The Rotation of the Vector and Considerations of ‘Phase’ as They Affect 
Matters of Polarity.—A view put forward in this communication is that the uni- 
polar and bipolar limb leads represent no more than the derived voltages of the 
composite cardiac vector in each different lead and that the individual waves and 
peaks which are apparent in each of these leads during the inscription of the whcle 
(PQORST) complex of the electrocardiogram are directly related to one another at 
each moment of time, varying only according to the orientation of each lead axis 
in relation to the temporal parent vector. 

This is largely true, but not entirely so, because the three main vectors (P, 
ORS, and T) are usually inscribed as loops, not forth-and-back straight lines. 
The looping of the vector is caused by the arrival of a particular peak (e.g., R) or 
the crest of any particular wave (e.g., T) at one lead location at a slightly different 
time from that at which it arrives at another. Speaking in alternating current 
‘out of phase” at 


‘ 


phraseology, we say that any particular peak or wave may be 
different lead locations or, for that matter, in different leads. This is clearly 
illustrated in two of the figures of Fulton’s Textbook of Physiology,* (Kigs. 23,A 
and B; his Figs. 317 and 325). It will be noted in both these figures, which show 
simultaneously recorded electrocardiograms, that the time of arrival of the R 
peak or the crest of the T wave (for examples) reaches different lead locations 
asynchronously; e.g., the peak of the R wave occurs progressively later and later 
as the (unipolar) chest electrode is moved from right to left across the heart 
(Fig. 23,B). This is in normal conditions. In pathological conditions the 
asynchronism is often very much more marked, so that the looping of the vector 
becomes considerably wider, and in some cases it may even be so great as to as- 
sume a nearly circular pattern during the inscription of QRS. But this need not 
cause any confusion of sign. The electrocardiogram shown in Fig. 24 is pre- 
sented as an example, and the vectorcardiogram which it represents has been 
constructed in the center of the figure. 

It may be instructive to follow the process of construction, which can be quite rapidly achieved 
by mere inspection of the three standard leads presented, though more accurately by measuring 
the distance of each peak (in each lead) from the zero line. 

Che electrocardiogram is one showing quite a high degree of right axis deviation. The peaks 
of the QRS complex are perfectly well defined in each lead, and there is no difficulty in recognizing 
Q, R, and S in each of the leads. 

R, isa little less than S;. R-» is only slightly greater than R;. There is a small Q in ITI, but 
none in Il or I. Finally, there is a notch (m) on the upstroke of QRS in III and its downstroke in 


II, which must determine its contour as (approximately) that shown. 
PI 


*Fulton Textbook of Physiology, ed. 16, Philadelphia, 1950, W. B. Saunders Company. 
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It will be seen that, although the course of this vectorcardiogram approaches the circular, if 
we ignore the notch, yet there has never been any suggestion of confusion of sign (as predicated by 
the facility of correct assignment of Q, R, and S) in any of the derived leads. The sequence of 
progresson is: Qs, Rj, Rs, notch, Rs, Si, Se, and the sense of rotation is clockwise, which is 
immediately evident from our preliminary inspection of Lead I, in combination with the fact that 


R» and Rs both predominate (over S) in these two leads. 


T Pp 
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4 


P 
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tig. 317. Simultaneously recorded electrocardiographic leads in man showing waves which 
occur during one complete heart cycle, and time intervals normally found between them. Between 
leads VL and VF are vertical and horizontal lines which appear on all clectrocardiograms taken 
Vertical lines are 0.04 sec. apart. Horizontal lines represent 0.1 mv. Note iso-clectric interval be- 
fore P in lead VF, before Q in VR, and at end of S in VL. Note asynchrony of QRS and T in the 
several leads. Note that S-T segment is iso-clectric only in VL and that U waves are present only 
in VF and VC-S. (For interpretation see text.) 
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Fig. 325. Precordial unipolar leads CV-1 to in normal man recorded simultaneously. 
For significance of changing form of QRS complex, S-! segment, | wave, and U wave m the 
various leads, see text 


B 


Fig. 23 A and B, Two diagrams from Fulton's Physiology, showing asynchrenism 
of homonymous peaks of the electrocardiogram 


| 
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Nevertheless, there are many electrocardiograms where it is plainly evident 
that a peak designated as R in one lead and as S in another lead represents the 
same point on the vectorcardiogram. This especially occurs in left axis deviation, 
where there is often counterclockwise rotation of the QRS vector. One such 
curve is illustrated in Fig. 25. Here R,; and S; must represent the same point 
on the vectorcardiogram, the apex of the QRS vector; this is not just a difference 
of phase, but is a necessary consequence of the projections of the vector within 
the frame of reference (the equilateral triangle for the frontal plane). 


Beg 


Fig. 24 Frontal plane vectorcardiogram showing homonymous, but asynchronous, 
peaks of QRS in the three bipolar limb leads. 


Where unipolar limb leads are available, as well as bipolar, the construction 
of the vectorcardiogram becomes correspondingly more precise. Take Fig. 26, 


which depicts the late stage of a posterior infarction, as an example. Were it not 
for the QR appearance evident in Vr, it could not be appreciated how much, if 
any, looping of QRS is actually present, for, excepting this lead, Q, R, and S, as 
they appear in their appropriate leads, are all referable (nearly) as projections of 
the apex of the QRS vector, in which case a straight forth-and-back progression 


| 

| 
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of the vector (between O and V) could have been accepted as the proper repre- 
sentation of its progress. But to say that the unipolar limb leads are ‘‘more 
accurate” than the bipolar limb leads [see (c) of the Introduction] is no less in- 
correct than to say that the bipolar limb leads are ‘‘more accurate” than the 
unipolar; both simply represent two systems of projection of the composite cardiac 
vector and are supplementary to one another. 


Fig. 25.—-Frontal plane vectorcardiogram showing a heteronymous, 
though synchronous, peak (R;, 8;) of QRS. 


C. The Chest Leads and the Spatial Vectorcardiogram.—This paper has been 
almost entirely concerned with the projections of the composite cardiac vector 
onto the lead axes of the frontal plane. But the vector has a three-dimensional 
orientation, with a component which is apparent in depth, in an axis at right 
angles to the frontal plane. To obtain this component, one has to be able to 
resolve the vector in lead axes in either the horizontal or the sagittal plane, and 
for this purpose we ordinarily use the customary chest leads (V,; to V«) which lie 
in an approximately horizontal plane around part of the chest. 
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The same principles hold as discussed in Section 2. The electrode (for 
simplicity considered unipolar) will become positive while the wave, or in this 
case the terminus of the vector, is moving toward it and negative when the wave 
is moving away from it; in fact, things are in no way essentially different for the 
horizontal and sagittal plane projections than they are for the frontal plane pro- 
jection. But, since the chest leads differ from the limb leads in some respects, 
there are certain matters which must be clearly visualized and which require brief 
consideration. 


8898 


Fig. 26.—-Frontal plane vectorcardiogram illustrating increased precision of plotting 
by availability of unipolar, as well as bipolar, limb leads. 


The first concerns the proximity of the electrode to the heart. Provided 
the location of the applied electrode is sufficiently remote from the heart, the 
events occurring within the myocardium, considered as a whole, have a pro- 
portionate effect on the electrode. But if the electrode is brought near to any 
particular part of the heart's surface, then events occurring within the cone sub- 
tended by the electrode, and close to it, must have a disproportionately greater 
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effect on it—out of all proportion, that is, to their proper amounts in the myo- 
cardium as a whole. This matter has been studied by a number of observers, 
notably Wilson*® and Wilson and Herrmann,* who have shown that the effective 
location of the electrode must be not less than 12 cm. from the heart if this sort of 
distortion is to be minimal and insignificant. So the first five chest lead positions 
(V, to V;) are particularly tainted with this distortion, and even V, is not remote 
enough to be properly free from it. Therefore, using V2 integrally with Lead | 
to depict the horizontal vectorcardiogram, as Milovanovich does, is likely to 
produce a considerably distorted picture. Duchosal and Sulzer’s horizontal and 
sagittal plane vectorcardiograms are open to the same criticisms; however, these 
authors do appreciate the point, and they discuss it in one section of their mono- 
graph. 

The question of how to obtain a satisfactory component in depth, which is comparably re- 


mote from the heart, as are the usual limb lead locations, has received a good deal of attention 
lately, and a number of recent papers deal with this matter. 


The horizontal plane — 


% 


{rom above” from below 


Fig. 27.—-The horizontal plane of the chest with the standard chest lead positions viewed 
from above and from below. The latter view is preferred. 


The second consideration concerns the “points of view”’ for horizontal and 
sagittal plane vectorcardiograms. 

In the horizontal plane both Duchosal!® and Milovanovich® record their 
vectorcardiograms as if viewed from above. Most other authors (e.g., Grant?!”) 
show them as if viewed from below (see Fig. 27). Since rotations of the heart 
about its long axis are designated clockwise or counterclockwise as from the point 
of view of the apex of the heart," it would seem that the more consistent view for 
horizontal plane vectorcardiograms is from below. Nevertheless, Grishman and 
associates'’ also show their horizontal plane vectorcardiograms as viewed from 
above. 

About sagittal plane vectorcardiograms there is, fortunately, rather more 
unanimity. Nearly all authors show them as if viewed from the left; i.e., the 
subject is drawn looking toward the left-hand side of the diagram, as viewed by 
the observer. But not so Grishman and co-workers. They show sagittal plane 
vectorcardiograms viewed as from the right. 
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Although it is obvious that no one would suggest that the frontal plane 
derivatives of the composite cardiac vector should be viewed from behind, 
yet it is evident that there are various opinions about the correct point of view 
for the horizontal and sagittal planes. Possibly, since spatial vectorcardiography 
is still in its experimental stage, the time is not yet ripe for international agree- 
ment. Nevertheless, one can foresee the possibility of further confusion arising 
in the future, so that it would seem that agreement should be reached as soon as 
possible. 

The arguments developed in the present communication are applied only to 
the wave of accession, which is represented by the opening change (QRS) of the 
electroventriculogram. But similar arguments can also be applied to the con- 
sideration of the wave of regression, the end change (ST-T segment). Recent 
papers by Hellerstein and Liebow*! and Grant and associates,'* as well as the 
earlier (1945) work of Holzmann,” deal with this from the vectorial point of view. 


All adopt positive convention of sign. 


SUMMARY 


A 1 umber of extracts are quoted from the literature which show evidence of 
confusion of sign. 

It is demonstrated that relative positivity of the left arm electrode (for Lead 
] position) determines upward deflection of the galvanometer string. In such 
conditions the normal P, R, and T waves appear upright in the finished record, 

The matter of polarity in unipolar lead electrocardiography is then examined, 
and a theory which reconciles the ‘negativity hypothesis” with the “dipole” 
theories of Craib and Wilson is proposed. This theory stresses the dynamic 
character of the electrical activity of the heart and is based on the simple idea of 
the (unipolar) electrode becoming positive when the wave (of accession) is moving 
toward it and negative when the wave is moving away from it. It is shown that 
the same principles hold for bipolar as for unipolar leads. 

The consistency of present agreed conventions of sign is emphasized, and 
possible reasons for past and present confusion are suggested. 

The general, and later the exact numerical, relations between the unipolar 
and bipolar limb leads are examined and discussed. The hexaxon system of 
coordinates to correlate all limb leads is proposed, and an argument for the re- 
versal of sign of Lead Vp is put forward. 

The contentions of the preceding sections are carried to vectorcardiography, 
and several reasons for favoring positive convention of sign are discussed. The 
negative conventions-of Milovanovich and Duchosal are criticized. 

Further aspects of vectorcardiography, as they affect convention of sign, are 
examined, and the spatial vectorcardiogram receives brief consideration. It is 
shown that the same principles hold in spatial vectorcardiography as in that 
confined to the frontal plane alone. 


I wish to thank all those authors and publishers who have kindly allowed reproduction of 


figures and quotations from their various publications. 
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Postscript 


Since going to press, the author has found that he also was guilty of con- 
fusion, and the following should be added to the examples quoted in the intro- 
ductory section: 

(i) ‘Contrary to usual electrical convention, and because biological activity 
is accompanied by a negative electrical charge, movements above the isoelectric 
base line are negative and those below positive; that is to say, during an upward 
movement of the string the electrode connected to the right arm of the subject 
is negative with respect to the electrode connected with the leg (i.e., considering 
Lead II). P, R, and T are normally upgoing and therefore negative, Q and S 
downgoing and therefore positive.” 

Additional Reference 


Robertson, D.: The Examination and Recording of the Human Electrocardiogram by Means 


of the Cathode-Ray Oscillograph, J. Institution Electrical Engineers 81:490, 1937. 
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